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Robert T. Blake, Class of ‘49 


speaks from experience when he says, 


“AtU.S. Steel, the opportunities are unlimited.” 


Bob Blake had his first experience in 
steel mills working there during sum- 
mer vacations from college. After re- 
ceiving his B.S. degree in Electrical 
Engineering, he became an operating 
trainee in U.S. Steel’s Irvin Works. 
During his training program, his 
background and versatility were used 
by the Training Division to develop 
a training program for Electrical 
Maintenance employees. By the end 
of 1951, Mr. Blake had become a 
Foreman with experience in both 
Cold Reduction Maintenance and 
the Galvanizing Department. 

Effort is made to have young engi- 
neers obtain varied experience be- 
fore devoting themselves to one field. 
Mr. Blake feels that, “An engineer- 
ing graduate has practically no ceil- 
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ing provided he has the right attitude 
and is willing.” 

Promoted again in 1954, Mr. Blake 
is now Foreman—Electric Shop in 
Central Maintenance. Supervising a 
crew of 40 men, he is responsible for 
electrical construction work, mainte- 
nance and crane wiring. Mr. Blake 
feels he is in ‘“‘an interesting and 
challenging field of work.” He has 
found that “U.S. Steel is a highly de- 
sirable employer in this most basic 


SEE THE UNITED STATES STEEL HOUR. It’s a full-hour TV program 
presented every other week by United States Steel. Consult your local 


newspaper for time and station. 


of all industries.” 

If you are interested in a challeng- 
ing and rewarding career with United 
States Steel and feel you are quali- 
fied, further information is available 
from your college placement direc- 
tor. Or, we will gladly send you 
our informative booklet, ““Paths of 
Opportunity.” Just write to United 
States Steel Corporation, Personnel 
Division, Room 1622, 525 William 
Penn Place, Pittsburgh 30, Pa. 
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EDITORIAL 


The Race for Engineers .. . 


A recent issue of Life magazine contained some rather depressing statistics. They can be 
summed up briefly by saying the United States is losing the race for engineers to Russia. 
While the U.S.S.R. is stepping up its program of training engineers and technicians, the United 


States wrings its hands in helpless frustration at the dearth of trained scientists. 


It’s true that more engineers are being graduated each year, but the demand far exceeds 


the supply of engineers. 


The implications of this lag are obvious. American “know-how” which has gotten us out 


of scrapes before needs men who “know-how.” 


Those of us in College of Engineering see the almost frantic bids for engineers industry is 


making. Our only problem is to decide for what company we choose to work. 


Yet the solution to the problem of the need for engineers goes beyond the placement offi- 
cers getting everybody a job. It seems that the need is to make more obvious than ever the 


need for engineers to the raw materials of our nation’s colleges—the high schools. 


Many high school students have only a vague idea of what engineering is like and what 


it demands. 


Those who are interested and those who don’t know what they want, must be given guid- 
ance in the form of career conferences, Engineering Open Houses such as ours of last month, 


and more and better contacts through the industries. 


Until the government re-evaluates its selective service methods, to perhaps give the student 
in scientific training a break, these students should have the programs of the ROTC explained 
to them in every effort to insure their entering engineering. In Russia, engineers are trained al- 


most from the grade school level by the government. 


The opportunity for industry to aid itself exists in the high schools as well as the colleges. 


We only hope they take advantage of it. 
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This towering modern unit at 
the El] Dorado, Ark., refinery 
of Pan-Am Southern Corpora- 
tion, a Standard Oil subsid- 
iary, produces 700 tons of 
coke daily. 


Standard’s original delayed 
coking unit at Whiting re- 
cently celebrated its 25th 
birthday ‘“‘on stream” and 
going strong. 


How to make an exception prove a rule 


TECHNOLOGICAL PROGRESS is rapid in the petro- 
leum industry. Few processes have a chance to 
“srow old” on the job. Most are killed off through 
the combined efforts of thousands of scientists 
working constantly to improve everything we do, 
make or use in our business. 

Every now and then, though, we experience a 
happy exception to this rule. That occurs when a 
new development not only meets the immediate 
need but also provides the right answer to situa- 
tions yet unforeseen. 

Twenty-five years ago last August a process 
known as “delayed coking’? was invented. The 
new process made a quicker, cleaner job of con- 
verting heavy residual oil into gasoline, gas oil, 


Standard Oil Company 


910 South Michigan Avenue, Chicago 80, Illinois 


and coke. It paid off spectacularly when catalytic 
cracking was invented and these giant new units 
began calling for feed. It paid off again when the 
diesel locomotive came along to put the heavy oil 
burning steam locomotive out of business. 

Dr. Robert E. Wilson, chairman of the board of 
Standard Oil today, was the inventor of delayed 
coking. Almost all of the young scientists who 
worked with him in its development are still with 
Standard too, in responsible positions requiring 
their special skills. 

Young scientists in research and engineering at 
Standard Oil today find it satisfying to see their 
creative efforts translated into valuable product 
and process improvements. 
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An oil refinery uses prodigious quantities of water for 


boiler-feed, processing, and cooling. To meet its requirements for 


properly refined water, this giant refinery treats hot, raw water 


with Amberlite cation ion exchange resins and lime. The process 


is efficient, economical, and yields water of “zero” hardness. 


Plates are courtesy of Rohm & Haas Co., Philadelphia. 


Philosophy of . . . 


AUTOMATION 


by Glenn B. Andrews, E.E. ‘57 


Automation is a strange word that 
only a few years ago conveyed only a 
vague theory of mechanization. It is to- 
day an accepted industrial fact. It is far 
more than an extension of mechanical 
gadgetry. Mechanization means the re- 
placement of human power, humanly 
controlled. Automation, going a_ step 
further, eliminates the human control. 
The general conversion to automatic 
control, is referred to by economists as 
the Second Industrial Revolution, the 
First being the devaluation of the human 
arm by the competition of machinery. 
This Second Revolution is taking shape 
today in our country’s industry and also 
to a lesser degree in business, education, 
and research. 

It may be well to more clearly define 
“automation” before going into its phi- 
losophies and effects. 

A close analogy may be drawn _be- 
tween automation and the eye of a com- 
muter on the 8:16 train each morning. 
Just as the commuter’s eye adjusts to 
the bouncing newspaper page, so the 
machine in an automatized factory ad- 
justs itself to the variation in a metal or 
liquid to make the part or the process 
conform to a predetermined standard. 
This self regulation, or feedback as it 
is called, makes possible a continuity 
and interlocking of operations never be- 
fore conceived. 

The feedback principle has been great- 
ly accelerated by the incredible accom- 
plishments of electronic computers. 
These computers are the “brain” of 
automation. Their name doesn’t begin 
to tell how much they are capable of 
doing. The tapes or punched cards taken 
by the automatic equipment are processed 
by the computers. Small analog com- 
puters are being used quite extensively 
in aircraft manufacture and assembly 
line control. The larger digital com- 
puters utilize the principle of repeated 
mathematical operations to solve com- 


Frontispiece: Office work of the future 
maybe done by robot control. The 
picture is a reproduction of a drawing 
by Boris Artzybasheff. 
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plex problems or tabulate and_ process 
large quantities of data. In Louisville, 
Ky., Remington Rand’s big “Univac”’ 
processes the payroll for the 12,000 
employees of G.E.’s major appliance 
division there. Eventually it will handle 
all of the plant’s accounting, inventory 
control, and billing. Last month the 
Metropolitan Life Insurance Co., in- 
stalled a Univac computer that replaced 
100 punch-card machines and displaced 
135 punch-card operators. The Univer- 
sity of Illinois has done quite a bit of re- 
search on its digital computer, the 
“Tlliac.” This computer is used by the 
different research departments for solv- 
ing complex equations and _ intricate 
mathematical problems. IBM _ has for 
commercial use their model 702 which 
may replace quite a few white-collar 
workers. U. S. Steel’s “common-lan- 
guage machines” record in continuing 
sequence incoming orders, the routing 
of production sheets, trafic and shipping 
orders, and accounting and billing. 
These computers are necessary to the 


growth of automation. In the production 
line, decisions must be made speedily— 
decisions concerning machining of met- 
als, percentage mixtures of liquids, and 
inspection and throwback. A machine 
can do it much faster than man. In top 
managerial offices, it will be necessary to 
have complete records of production and 
sales as soon as possible so that orders 
may be given in time to do any good. 
The computers can process all the data 
and hand the executives summary sheets 
in record time. 

Just how far has automation gone in 
industry ? Automation’s goal is the com- 
pletely automatic factory, where the raw 
materials are shipped in, handled, ma- 
chined, processed, packaged and shipped 
out all by machine. This factory has not 
as yet been developed, but it is not very 
far in the future. At Ford’s “old fash- 
ioned”’ River Rouge plant, it takes an 
engine block 9 hours to pass from its 
rough cast to its completely assembled 
form; in the new automatized Cleve- 
land engine plant, the same process takes 


Engine blocks are machined on this automatic line 
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14.6 minutes. At Columbus, Ohio, 2,613 
machines and tools combine with 27 
miles of conveyors to turn out two 
Westinghouse refrigerators per minute. 
At a trio of new chemical plants at Cal- 
vert City, Ky., with a capital investment 
of several million dollars, only a few 
hundred men run the entire integrated 
operation. 

The advances made by automation 
give rise to numerous problems. What 
of the men that these machines replace? 
Norbert Wiener, professor at MIT, 
and author of “Cybernetics” has stated, 
“Of course, just as the skilled carpenter, 
the skilled mechanic, the skilled dress- 
maker have in some degree survived 
the First Industrial Revolution, so the 
skilled scientist and the skilled admin- 
istrator may survive the Second. How- 
ever, taking the Second Revolution as 
accomplished, the average human being 
of mediocre attainments or less has 
nothing to sell that is worth anyone’s 
money to buy.” This is rather a dim 
view of the future employment picture, 
but we must look at the facts. In the 
telephone business, roughly 50,000 oper- 
ators have been displaced by the conver- 
sion to a dial system. However, because 
of the steady growth of the telephone 
industry the net employment in the in- 
dustry is rising. In many _ industries, 
though, the picture is not so encourag- 
ing. For example, one innovation, being 
used experimentally by the meat pack- 


ing industry is the new “hide-puller” 
machine, which replaces the floorsman, 
the most highly skilled and highly paid 
man in the beef-killing room. Stripping 
away the entire hide from the carcass 
without cutting the skin is the most deli- 
cate operation in the plant. With the 
new machine, a semi-skilled man makes 
a single cut in the breast of the animal 
and the “hide-puller” skins the animal 
as simply as slipping off a shirt. 

Walter Reuther “of the CIO has 
stated there are two ways automation’s 
threat to full employment can be met. 
One is by government action, and in 
that way lies dictatorship. The other 
way is by “voluntary agreement between 
economic units’—meaning unions and 
management. While Reuther does not 
want to stop automation completely, he 
intends to see to it that it works for 
the benefit of both labor and manage- 
ment. 

It appears that industry must take 
care of the gains of automation in short- 
er hours and higher wages. If and when 
automation makes it possible, labor may 
be entitled to press for such advances as 
the four-day week. Recently our govern- 
ment has largely confined its recession- 
antidote public works projects to blue- 
printing the possibilities of construction 
to aid in cutting down unemployment. 
Now it ought to draw a line—perhaps 
the present line of 2.7 million unem- 
ployed, above which unemployment will 


not be allowed to go without puttin 
more of these projects into concrete 
Fortunately, nearly all such measure 
can be made in capital improvements— 
new highways, schools, better housing 
etc.—which will eventually pay fo 
themselves by what they add to the in 
come and prosperity of the economy) 
Since most of it ought to be done any 
way, doing it now will keep us bus 
enough to defer the problems of greate 
leisure. The meat-packing unions, t 
meet the present changes, are talking o 
a “technological sharing” fund, whereb 
a portion of the money saved throug! 
labor-saving devices will be used for re 
training of men. 

The unions have cause to worry abou 
automation. They know that increasin, 
mechanization reduces their economi 
power in collective bargaining. For ex 
ample, in the telephone company’s traf 
fic department, which employs over 50% 
of those under union contract, dial usag 
now allows the company to maintaiz 
service during prolonged strikes, witl 
only a few supervisors manning th 
boards. 

All this means that management, fa 
from running big organizations of peo 
ple, will in the future be operatin; 
great mechanical organizations usin; 
fewer and fewer people. The guarantee 
annual wage will probably serve as ; 
regulator of the process of technologica 
change. Under this annual wage, man 


This Norton transfer type automation crankpin grinder cuts the time and cost 
of high precision grinding of automobile crankshafts. (Courtesy The Norton Co.) 
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agement would avoid the introduction 
of automation in times when major 
layoffs would result, and the introduc- 
tion of new and more efficient equipment 
would be geared to periods of expanding 
markets so that other jobs would be 
available for the workers displaced by 
automation. Had the blacksmith fully 
envisioned how his trade would have be- 
come automized into innumerable hum- 
drum jobs in a hot impersonal factory, 
he might have rebelled. But it is obvious 
that the death of the blacksmith’s prim- 
itive productive methods enabled U. S. 
management to build the biggest produc- 
tion machine in history—and the black- 
smith’s son reaped the material rewards. 
So what may seem distasteful today can 
often be tolerated and adapted to human 
needs in the future. 

When the human element is sub- 
tracted from production, a host of or- 
ganizational problems are solved. These 
are not business problems, but the per- 
sonnel problems that complicate a busi- 
ness decision. It also means that com- 
panies, faced with the problem of split- 
ting apart, may be able to grow as fast 
as they have before, if not faster, be- 
cause the problem of cementing them- 
selves together has been obviated. 

Another fact that has to be considered 
is the cost of the automatic control 
equipment. The machinery required to 
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automate any shop is bound to be more 
expensive than the equipment it is re- 
placeing. For that reason there probably 
wont be much automatizing of the 
smaller shops for some time. However, 
since the average overhead cost of labor 
is $4,000 per man per shift each year, 
it should not be long until automation 
of even a single operation could be made 
profitable. 

We could summarize the general 
trends of automation into several main 
effects on our economy. Beside the ob- 
vious influence on the employment sit- 
uation and the effective control of 
unions, there are other changes that 
would take place in a more automatic 
economy. ‘The character of the work 
force would present many new problems. 
While industry will need more skilled 
mechanics, there will also be a problem 
of what to do with large clumps of 
slow-minded workers who cannot be re- 
trained. Also with the rising output the 
unions will bid more strongly for a pro- 
ductivity wage increase. One effect not 
discussed up till now is that of the 
change in wage payments which is sure 
to give rise to many problems. Si.ace a 
worker cannot influence the output of 
his machine, it will be dificult to pay 
him by piece rate. Increasingly, wages 
may be paid by weekly salary rather 
than on an hourly basis. Lastly we 


Above: An automatic assembly 
line for the production of elec- 
tronic equipment. 


Left: Electronic equipment pro- 
duced by conventional 
automatic methods. At left is the 
normal and at right the modi- 
fied automatic version of the 
This design 
can be made with the auto- 
matic equipment, shown in the 
schematic diagram above. 


and 


same equipment. 


should realize that the’ demand for per- 
sonnel will not be in the clerical and 
sales departments as they were in the last 
twenty years, but rather tend toward 
the professional in education, research, 
and recreation. 

The problems of automation cannot 
be tossed off with an air of indifference. 
U. S. Engineers are not the only experts 
in the field of automatic control. The 
Russians are supposed to be making 
some headway, too. According to one 
source, they have developed an auto- 
mated machine that takes a chunk of 
steel, puts it through several machining 
stages, and pops a finished piston out of 
the other end—wrapped in a water- 
tight container. 

As a final summary, we have the 
words of Robert L. Henry, of the 
ceramic projects in Arlington. 

“There is a fear that technical people 
plan some mass envelopment of the pop- 
ulation. That’s inconceivable. There is 
a vast chasm between what can be done 
and what will be done in automation. 
The reason we have automation at all, 
or don’t, is economic. Nobody is doing it 
for curiosity or patriotic reasons. Auto- 
mation isn’t an end in itself. It doesn’t 
necessary mean reduced cost or a_bet- 
ter process. Generally the objective is 
to increase the productivity of human 
labor.” @ 
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THE NEW CONTINENTAL, Ford Motor Company’s super-luxury car, is a quality product from bumper to 
bumper. Naturally, the finish is the finest available—lacquer based on Hercules® nitrocellulose. Quick 
drying and long wearing, versatile lacquer is the standard of quality wherever the finest in finishes is 
sought. (Lacquer for the Continental manufactured by Rinshed-Mason Co., Detroit, Mich.) 


HERCULES’ CONTINUING EXPANSION is reflected in an 
increase in sales from $7,640,741 in 1913 to $226, 
651,058 in 1955, 11,259 employes, and an unbroken 
history of consecutive dividends since Hercules’ organi- 
zation in 1913. Send for your copy of our annual report. 


HERCULES POWDER COMPANY 


953 Market St., Wilmington 99, Del. Sales Offices in Principal Cities HER ( i ] } ES 


SYNTHETIC RESINS, CELLULOSE PRODUCTS, CHEMICAL COTTON, TERPENE CHEMICALS, 
ROSIN AND ROSIN DERIVATIVES, CHLORINATED PRODUCTS, OXYCHEMICALS, 
G56-1 EXPLOSIVES, AND OTHER CHEMICAL PROCESSING MATERIALS. CHEMICAL MATERIALS FOR INDUSTRY 


16 THE TECHNOGRAF 


aie cil ae 


eee 


MULISES 


“ Lopital , 


an enthusiastic 


for Collins New Integrated Flight System 


Capital Airlines wires: “Enthusiastic in approval 
of Collins Integrated Flight System—basic flight 
instrumentation for our entire Viscount aircraft fleet.” 


There’s good reason for this enthusiasm. The Collins Integrated 
Flight System is the greatest advancement in all-weather flying 
aids. It presents to the pilot a continuous picture of his 
aircraft’s attitude and position, on two easy-to-read instruments. 
It takes the strain out of instrument landings, assuring the 
most precise descent possible. It makes cross country 
navigation easier and more accurate. 


The Integrated Flight System 
—another leading achievement 
by Collins in aviation 
electronic development, 
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Flighttoa... 


Satellite Orbit 


by Maurice Garnholz, Aero. E. ‘56 


With the recent announcement of the 
proposed launching of an artificial man- 
made satellite, the realms of science fic- 
tion have yielded to scientific progress 
and actuality. With the knowledge ob- 
tained from this accomplishement, the 
way will be begun to be paved for the 
further exploration of the space beyond 
our earth. 


Much discussion has beeen held con- 
cerning the methods of space travel. But 
only since about 1940 has much thought 
been given to earth-circling satellites 
as means of acquiring much sought-after 
data and as possible stepping stones to 
more distant horizons. At the present 
time, it is suggested that an unmanned 
rocket be fired up through the atmos- 
phere to ultimately go into an orbit 
around the earth. 


The earth can be said to be at the bot- 
tom of an immense whirlpool of force— 
gravity—which tends to keep all objects 
confined to the earth’s surface. This force 
of gravity, g, diminishes as one goes fur- 
ther away from the center of the earth, 
(g is proportional to 1/R*), until the ef- 
fect is negligible. (Figure 1.) It is found 
also that the work done lifting a body to 
an infinite distance from the earth is 
exactly equal to the work needed to 
climb vertically through a distance equal 
to the radius of the earth at the 
equator, in a steady _ gravitational 
field where g remains constant at its sea 
level value. (g sea 1ever = 32.088 ft/sec?) 

= 25 

An analogy can be illustrated at this 
point. The earth can be compared to a 
planet at the bottom of a frictionless 
funnel or pit approximately 4,000 miles 
deep( the pit being set in a surface of 
an endless flat plain). Before traveling 
to other worlds, one must rise out of 
this pit. (Figure 2.) 


If an object were propelled up the 
sides of this pit, it would fall down 
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VARIATION IN FORCE OF GRAVITY 


Relative WITH DISTANCS FROM EARTE'S 
Values of SURFACE 
Cravity 


6R, 


Fig. 1 


again unless its speed were sufficient to 
carry it over the upper edge. This criti- 
cal velocity is termed the escape velocity 
and equals 25,000 mi/hr or 7 mi/sec or 
about ten times the velocity of a rifle 


bullet. This value is found from the 
formula V = \/ 2gR,, where R, is the 


radius of the earth. 


~ 


can 


Just as motorcyclists travel 
around vertical walls of silos at carni- 
vals, so can an object travel around the 
walls of this mythical pit without falling 
down. (See Figure 3.) Near the bottom 
of the crater, which is really just outside 
the earth’s atmosphere—approximately 
250 miles—in order to keep frictional 
effects negligible, the orbital speed is 
about 18,000 mi/hr or 5 mi/sec. This 
orbit is indicated at (e) on Figure 3. 
At this altitude and above, a satellite 
in a circular orbit is “‘falling” con- 
tinuously toward the center of the 
earth due to the force of gravity of the 
earth. But its own speed, tending to 
shoot it outward in a straight line tan- 
gent to a circle concentric with the 
pheriphery of the earth, is exactly 
enough to counteract its falling motion. 


4.000 miles 


OS: Barth 


"Pit" Analogy of the Earth's 
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Gravitational Field! 


Illustrated mathematically this is: 


Ms V7; Gm. m, 


R R? 
where the left hand side of the equation 
is the centrifugal force, and the right 
hand side is the force of attraction be- 
tween two bodies. Therefore, 


v. = V Gm./R) 


Stated another way, 


Vs = Rov (go/R oh) = Vescape/ NZ. 
= 7 mi-sec/(\/2). 


It can be seen that this value is less than 
that of the escape velocity. 

As orbits are established further up 
the sides of the pit, (f) and (g) on Fig- 
ure 3, where the slope is less, a lower 
velocity is necessary to hold the rocket 
in an orbit. Stated physically, the slow- 
er speed orbits are established further 
from the center of the earth, where 
the force of gravity is less. Since the 
speed is less and orbital distance is 
longer, the time of one revolution is 
longer. 

Other orbits, such as (h) of Figure 3, 
can also be established. Here the rocket 
was projected horizontally at (g), but 
with insufhcient speed to maintain itself. 
Hence, it fell downward (toward the 
earth), but in the process picked up 
sufficient speed to climb up again and 
retrace its orbit, which is an ellipse. 

In order to reach thcese orbits and 
their corresponding velocities with a 
rocket, the amount of energy that must 
be expended is given by 


: R, + 2h 
oes ies AE iiss 
E== TR, 20 eh ) 
For example, if h—300 miles, then 


V. = 24,000 ft/sec = 16,400 mi/hr, 
and the energy needed to place | slug of 
mass of ship into the orbit is equal to 
464 10° Btu. This energy is ex- 
pended in three ways—by the long up- 
ward flight against gravity, by the adap- 
tation maneuver(s) necessary to get into 
a circular orbit, and by the effort re- 
quired to attain the needed speed in the 
chosen orbit. 

In order to attain the 
amounts of energy in a rocket, it is de- 
sired to have a high exhaust velocity 
and a high fuel load, where the latter 
means a high mass ratio. 


3 M at take-off 
Mass Ratio = MaRS Saces aa 


necessary 


M remaining at end of firing 
— M,/M,, where 
M, = Mre-+ Mp + MF and 
M, = Mr-+ Mp 
If (e)V8/Ve = M,/M, , then 
Vr = V, In (M./M,) 

Ideally (no air and no gravity), VR at 

Brennschluss = V.., and therefore 

ei == (M,/M,) = 2.7182 . 
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(Brennschluss is defined as the instant 
that the flame of the rocket motor dis- 
appears, either due to the exhaustion of 
fuel or the cutoff of the motor. ) 

At the present time, exhaust velocities 
are not high enough to furnish large 
enough values of M,/M, for a single 
stage orbital rocket. But one can resort 
to multistage rockets, where the follow- 
ing occurs: 


(M,/M,) effective = 


[(M,./M,) Ist stage) ] X 
[(M,/M,) 2nd stage] and 
: e . 

(\ ist stee) = (V end Sunee) aa \ final 
If desired, this method can be carried 
on to more stages in the same manner. 

Using the basic fundamentals given 
thus far, a flight from the earth’s sur- 
face to an orbit will be illustrated, re- 
ferring to Figure 4. 

The rocket to be used is one proposed 
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Trajectory and orbit of earth satellite 


Fig. 4 


by Wernher von Braun, Technical Di- 
rector, Guided Missile Development 
Group, Redstone Arsenal. The liquid- 
fuel, three-stage rocket will have M, = 
7000 tons and Mp = 36 tons. The 265- 
foot long rocket is to have 51 motors 
which develop a total thrust of 14,000 
tons. The following table indexes the 
more important occurrences of the flight. 


TABLE I 
Stages I II Ill 
ehaSt a tOUS) yee ee 1,750 
Fuel weight (tons) ...... 5,250 
Total weight (tons) .. 900 143 
Altitude at end 
of stage (miles) _...... 24.9 39.8 63.3 
Velocity at end 
of stage (mi/hr) ...... 5,256 14,364 18,468 
Time of flight 
ofestage’ (Sec) 25. 84 124 
After the third stage has reached 


Brennschluss at 63.3 miles, the rocket 
spirals up in an elliptical orbit to its 
apogee. (See Figure +.) One of the focal 
points of this ellipse is the earth’s cen- 
ter, and the rocket, in coasting, moves 
at a speed which complies with a Kep- 
lerian ellipse; z.c., the rocket moves over 
equal areas during equal intervals of 
time. At its apogee, 1,075 miles high, 
the velocity is 14,770 mi/hr. After a 
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correct heading is obtained, the motors 
are applied for 15 seconds to obtain 
the critical velocity of 15,840 mi/hr 
to keep the ship in a circular orbit 1,075 
miles above the surface of the earth. 

Since the announcement of proposals 
to establish a small Minimum Orbital 
Unmanned Satellite of Earth 
(MOUSE), it has become apparent that 
a payload as large as the 36 tons used 
in the pervious example will not be 
necessary. Both Willy Ley and Von 
Braun have arrived at reasonable cal- 
culations for a basketball-size satellite 
at an altitude of 200 miles. 

The three-stage liquid-fuel rocket is 
to be 150 feet high and 30 feet in di- 
ameter at the base, with an exhaust 
velocity of 7,000 ft/sec. Taking off 
from the equator and near the ocean, 
the rocket attains an acceleration’ of 
nearly 50 ft/sec? within a few seconds. 
The rocket will begin to turn slantwise 
to the east (desirable because the earth 
rotates in that direction) 60 seconds 
after take-off and at an altitude of 22.7 
miles. The first stage is dropped 75 sec- 
onds after take-off, and the remaining 
two stages continue up under the power 
of the second stage’s motor and at a 
velocity of 5,400 mi/hr. Another sep- 
aration occurs 75 seconds later, at an 
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altitude of 45 miles and a velocity of 
10,800 mi/hr. 

Slightly less than 4 minutes after 
take-off, the third stage stops burning 
and continues like a projectile. At this 
point the rocket is 60 miles high and is 
traveling at 17,700 mi/hr. One minute 
after Brennschluss, the first stage hits 
the ocean water, and 10 minutes after 
Brennschluss, the second stage strikes 
the ocean. The third continues to coast 
up and reaches its 200-mile-high orbit 
44 minutes after Brennschluss at a veloc- 
ity of 17,100 mi/hr when_ half-way 
around the earth. At this point the mo- 
tors are turned on again in order to 
maneuver the rocket into correct posi- 
tion and to reach the orbital velocity of 
17,200 mi/hr. This adaptation maneu- 
ver causes the circular orbit of the satel- 
lite to be concentric with the circle 
formed by the surface of the earth. The 
total time of flight was 48.5 minutes. 


The satellite will now make one rev- 
olution of the earth every 91 minutes, 
and will continue to do so for approx- 
imately 60 days. By this time, the slight 
air friction at this altitude will have 
started to drag the satellite down, and 
it will ultimately be burned-up in the 
upper layers of the atmosphere much like 
a meteor. 


SYMBOLS 


e—base of natural logarithms, 2.7182 

E—energy 

g—acceleration of gravity 

gZo.—acceleration of gravity at sea level 
(on equator), 32.088 ft/sec? 

(G—eravitational constant, 6.66 « 10—* 
dyne-cm? /gm? 

h—distance above surface of earth 

m.—mass of earth 

m.—mass of satellite 

M,—mass at take-off 

M,—mass remaining at end of firing 

Mr—mass of fuel 

Mp—miass of payload 

Mr—mass of rocket 

R—distance from center of earth 

R.,—radius of earth 

V—velocity of object 

V.—exhaust velocity 

V.—-velocity of satellite 
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Three-Stage Rocket . . . 


The U.S. Navy and the Martin 
Company of Baltimore, Md., have re- 
leased photographs of an artist’s con- 
ception of the Vanguard three-stage 
rocket vehicle being designed and built 
by Martin to place the world’s first 
man-made satellite in its orbit. Also re- 
leased is a drawing depicting the trajec- 
tory (flight path) of the vehicle from 


VANGARD 


. . . The Engine to the Orbit 


its launching point to its orbit estab- 
lished some 300 miles above the earth. 

In physical appearance, the satellite 
launching vehicle will resemble a giant 
rifle shell complete with bullet. It will 
be the first liquid fuel rocket designed 
to be controlled without the use of fins, 
a scientific break-through by Martin en- 
gineers. 


Artist’s conception of the Navy Martin Vanguard research vehicle. In the 
background is the gantry used to place the vehicle on its launching stand 
and the concrete blockhouse from which scientists will fire the rocket and 
record its course. (Courtesy The Martin Company.) 
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The first-stage rocket, approximately 
45 feet in length, resembles the Navy 
Martin Viking research rocket which 
attained an altitude of 158.4 miles, a 
world’s record for a single stage rocket. 


The second stage rocket, mounted 
above the first stage, has a cone shaped 
nose section. It also uses liquid propel- 
lants. The third stage rocket, with the 
satellite attached to its nose, will be 
carried completely enclosed within the 
second stage rocket. ‘The third stage 
uses a solid propellant because of its 
simplicity. 

The first stage, which launches the 
entire assembly, will burn out its fuel 
at an altitude of between 30 and 40 
miles. Then it will separate and drop 
off. 


The second stage will start firing, 
and at a certain time during the second 
stage burning will jettison its nose 
streamlining, leaving the third stage and 
satellite exposed. 


The second stage rocket will tilt in 
the direction of the satellite’s prede- 
termined flight path. After its burnout, 
the second stage will continue to coast 
upward until it attains the satellite’s in- 
tended orbital altitude. 

There, a spinning movement will be 
imparted to the third stage rocket to 
insure directional stability. By that time, 
the third stage will be set on its course ; 
the second stage will drop off; and the 
third stage will start firing. 

The third stage rocket carrying the 
sphere has no guidance system, no elec- 
tronic brain to direct its flight. It’s job 
is to boost the satellite’s speed to approx- 
imately 18,000 miles per hour. This 
high speed, necessary to counteract the 
earth’s gravitational pull, will be at- 
tained at Brennschluss. 

At Brennschluss, the satellite may be 
nudged ahead by means of a releasing 
device in the nose of the rocket. There- 
fore its speed will be slightly greater 
than that of the rocket shell, which will 
not drop to the earth, but will trail the 
satellite until atmospheric drag causes 
both gradually to slow down and spiral 
toward a lower atmosphere. 

Through friction induced by passing 
into this denser atmosphere, both satel- 
lite and rocket will burn briefly and dis- 
integrate after the manner of meteors. 

The Martin Company is prime con- 
tractor for the Vanguard launching ve- 
hicle. General Electric Company has a 
contract with Martin for the rocket 
motor to be used in the first stage, which 
is an advance of the Viking rocket built 
for the Navy. The Aerojet-General 
Corporation of Azusa, Calif., has a 
Martin contract for the second stage 
propulsion system, which consists of a 
liquid rocket motor and its associated 
fuel tanks and pressurizing system. 

Contracts for the third stage rocket 
will be announced soon. @ 
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For Tomorrow’s Airliner . . . 


Turboprops 


by Siegmar Gresch, M.E. ‘58 


In talking about the turboprop, we 
must first examine the history of the 
turbojet. In May of 1952 at a meeting 
of aircraft engineers from all around 
the world, the British announced their 
first jet airliner. It was predicted well 
in advance that the British would be 
the first to come out with a jet airliner. 
In World War II the allied chiefs gave 
the British the assignment of developing 
the jet plane, while the U. S. had the 
job of mass producing the then existing 
planes because we were better equipped 
for mass production. At the end of the 
War, the British felt they got the worst 
of the bargain. We had a monopoly on 
planes; but they warned us that they 
would not concede to our air monopoly. 
When the British came out with their 
first Comet, it was not much of a shock 
to American manufacturers; they were 
expecting it. Our airplane manufactur- 
ers seemed almost indifferent to the Brit- 
ish development. They had good reason 
to be skeptical of the jet airliner in civil 
aviation because they knew that the con- 
ditions under which military aviation 
exists are unbearable in civil aviation. 

The trouble starts as soon as the jet 
engine is started. The noise of a running 
turbojet is terrible, and the smell it 
creates is unbearable; these factors don’t 
matter much at a military air base. Jet 
engines are fuel hogs, but this problem 
is slowly being overcome. At civil air- 
ports, jet airliners would probably have 
to be towed around runways. Since jets 
burn kerosene, two types of firefighting 
equipment would have to be kept on 
hand at all times. One type of equipment 
would have to be kept for present day 
gasoline powered planes, and another 
type would have to be used against 
kerosene fires. Runways must be kept 
perfectly clean; trash sucked into the 
jet engine could wreck it in a few sec- 
onds. All runways would have to be 
made of concrete because the hot ex- 
haust gasses would melt any asphalt type 
material. The final argument against 
the use of the turbojet in civil aviation 
is that the jet airliners require much 
longer runways for takeoffs and land- 
ings than present day piston-powered 
airliners. 

Landing is another problem. Because 
jet planes are built for high speeds, their 
glide ratios are very low. For every foot 
lost in altitude the jet airliner does not 
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travel as far horizontally as conventional 
piston-powered airliners. What does this 
mean? In order to make a smooth land- 
ing, the jet airliner must come in low 
and fast; and it takes quite a bit of effort 
to stop a 30 to 50 ton vehicle going 
150. miles per hour. Present day piston- 
powered planes have reversible pitch 
propellers which act as brakes. Brakes on 
the airplane’s wheels are no good for 
they tend to pitch the plane around. 
Presently Boeing is working on a device 
which is supposed to act as a brake. But, 
no matter how you look at it, if jet 
airliners are landed on our present day 
airfelds the deceleration will be un- 
comfortable. 

The present day method for checking 
the plane’s position would have to be 
changed; presently, the radio markers 
are 50 miles apart and they are checked 
every 10 minutes. Since jets fly almost 
twice as fast as piston-powered planes, 
the jets’ position would have to be 
checked every five minutes which is too 
much to do in the given time without 
making serious mistakes. You may ask, 
why not check positions every 100 miles? 
because a jet flies so fast, the position ot 
the plane must be checked frequently 
before the plane flies too far off course. 

Another characteristic of the jet air- 
liner which is holding it back from use 


in civil aviation is its need for high alti- 
tude. The civil jet airliner must fly at 
least 45,000 feet in order to compete 
with the piston-powered airliner. Below 
45,000 feet, the jet uses 195 per cent 
more fuel than a comparable piston- 
powered plane. But, at 45,000 feet all 
radio signals tend to fan out and grow 
less audible. They are not as sharp and 
distinct as they are at lower altitudes. 
So you can see that airplane manufactur- 
ers were pretty well justified in their 
skepticism of the future of the civil jet 
airliner. 

Besides that, our airplane manufac- 
turers are pretty well tied up with gov- 
ernment contracts for military aircraft. 
Why go through the risk of spending 
~huge sums of money to develop a civil 
jet airliner when they can get govern- 
ment contracts worth millions? Who 
knows whether any market even exists 
for a jet airliner in civil aviation? As to 
turboprops, for military purposes they 
are too slow. In Europe, aircraft manu- 
facturers have been busy in civil as well 
as military fields. For that reason, they 
have been flying turboprops for several 
years. It is an interesting fact that when 
the Comet I was announced, airlines 
didn’t rush to place their orders with 
B.O.A.C.; instead they went to the Vis- 
count people who were building turbo- 
props. Viscount has only lately become 
known throughout the country. 

Airlines are not impressed by the 
glamour of jet airliners. They are in 
business to make money. They set the 
speed-altitude patterns which are most 
profitable to them. In 1945, the Civil 
Aeronautics Authority predicted that the 
average air journey would be 570 miles. 
The C.A.A. was pretty far off, the dis- 
tance which gets the most passengers 
is between 100 and 300 miles. A trip 
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like that is awkward and expensive for 
high speed, high altitude jet planes. 
There is plenty of opportunity for inter- 
continental flight but not much demand. 
The C.A.A. figure for the average flight 
length was more than 100 miles too 
high, and the trend of the average flight 
length is going down, not up. Surely, 
airplane manufacturers are more im- 
pressed by trends than glamour. The 
time is approaching when the price of 
the ticket is more important than the 
actual time of flight. Every year there 
is a lower percentage of air travelers 
who are willing to pay higher fares for 
extra speed. The public wants not only 
speeed, but safety and economy. 

This brings us to a discussion of the 
turboprop. Just what are the advantages 
of the turboprop over the turbojet? First 
of all, a turboprop can accelerate much 
more rapidly than a pure jet; in fact its 
acceleration compares with that of pres- 
ent day piston powered planes. Because 
it accelerates rapidly, the turboprop can 
operate on existing runways making run- 
Way extensions unnecessary. The turbo- 
prop has a greater operating flexibility 
than a pure jet because it is relatively 
eficient for short and middle distance 
operation. The ground noise of the tur- 
boprop is much less than that of the 
turbojet because only 10 per cent of the 
power goes out of the exhaust. The op- 
erating cost is less than that of compar- 
able piston-powered planes. It is well 
suited for long range operation because 
of its good fuel economy. The develop- 
ment of the reversible pitch propeller 
for the turboprop makes ground control 
equal to that of piston powered planes. 
Turboprops are relatively efficient at low 
altitude and power, and they present 
fewer air trific problems. 

Just why is the turboprop more ef- 
ficient than the turbojet? First, let us 
state what the most efficient system 
should do. 

It should handle a large amount of air 
and impart the smallest amount of resid- 
ual slip stream velocity. In general, for a 
turbojet plane to be 100 per cent ef- 
ficient, the plane should travel forward 
as fast as the exhause gasses travel back- 
ward. In the turboprop, the energy of 
90 per cent of the gasses is harnessed and 
used to drive the propeller; so one can 
see that the turboprop has a big inherent 
advantage in propulsive efficiency. Some 
graphs showing the results of experi- 
ments with turboprops and turbojets are 
on this and the facing page. (Courtesy 
of United Aircraft Corporation. ) 

Graph I illustrates the representative 
porpulsive efficiency of the turboprop at 
all speeds up to sonic. 

Graph II shows the relative thrust 
of the turboprop and turbojet forms of 
same gas generator. The former shows 
substantial superiority to the latter at 
moderate speeds. 
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The low speed thrust of the turbo- 
prop is two to three times greater than 
that of a corresponding turbojet. Turbo- 
prop thrust falls off with speeed along 
a constant power curve where turbojet 
thrust remains nearly constant. This is 
due to the only slight propulsive efficien- 
cy increases of the turboprop at flight 
speed while propulsive efficiency of the 
turbojet increases rapidly. 

Graph III shows the relative specific 
fuel consumption of turboprop and tur- 
bojet forms of the same gas generator. 

The result of superior propulsive ef- 
ficiency of the turboprop under cruise 
conditions results in 25 per cent lower 
fuel consumption compared to the cor- 
responding turbojet. 

Now, let us examine the basic turbo- 
prop. Basically, the turboprop is simply 
a gas turbine with additional blades 
behind the combustion chamber used to 
absorb the thrust created by the burning 
gasses. A shaft carries the power from 
the thrust to a gear box in which there 
is a 10:1 reduction. The gears in turn 
are connected to the propeller. Most of 
the turboprops built so far are of the 
simple direct-couple type in which addi- 
tional turbine wheels are added to the 
standard turbine. Another type is called 
the free turbine. This is a standard gas 
turbine with a hollow main shaft in 
which there is a second shaft. This sec- 
ond shaft has additional turbine wheels 
at one end is connected to a propeller 
gear box at the other end. This is the 
type used on the British “Proteus.” An- 
other type called the dual-spool turbo- 
prop is similar to the free turbine and 


has an additional compressor at its front 
end behind the gear box. This type is 
sometimes called the “super charged” 
turboprop. It is the most complicated to 
build and design, but it is less affected 
by high ground temperature. This type 
of turboprop maintains full power at 
high altitudes, and it is said that it can 
be designed for fuel consumption so low 
as to compete with the diesel in econ- 
omy. Iwo gas turbines side by side feed- 
ing into a common gear box is another 
gas turbine arrangement. One turbine 
can be shut off for economical opera- 
tion at low altitudes, and both turbines 
can be used for high-speed, high altitude 
cruising. The bypass or ducted-fan en- 
gine is another turbine that could be 
used to power the turboprop. This tur- 
bine has some extra-large compressor 
blades at the forward end. Much of the 
air would travel through the turbine as 
usual with the remainder of the air 
being circled along the outside of the 
engine casing joining the hot exhaust. 
This turbine seems to be quite efhcient 
on paper but it has not as yet been built. 

‘Turboprops have been used on many 
planes. Lockheed added 100 mph_ to 
the speed of the Super Constellation 
when it was converted to turboprop 
power, and it retained much of the econ- 
omy of the piston powered plane. Con- 
stellation transports carrying 16 ton 
loads can cross the U. S. in six hours, 
one hour less than the fastest scheduled 
airline. Convair has converted some 
Model 340 piston liners to turboprops 
for the Air Force. Douglas is testing 
big C-124 military transports with tur- 
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AN IMPORTANT ADVANTAGE of being a Bechtel 
engineer is that you will live and work in one of the 
world’s most interesting places—San Francisco. 
There’s an excellent choice of diversified homes in 
the area with outdoor living practical through most 
of the year, great universities where post-graduate 
studies can be pursued and an abundance of famous 


leisure-hour attractions. 


Even so, the “where” of a job is never as important 
as the “what”. What kind of work do Bechtel 
engineers do? They design and build oil refineries 
and chemical plants, pipe lines, power stations and 


other large installations for American and foreign 


Builders for Industry... 


Los Angeles 


industry. In the course of their work they rub 
shoulders with many of the nation’s top engineers 


and industrial leaders. 


Most important, Bechtel provides challenging 
assignments that put you in close contact with all the 
latest developments in your own special engineering 
field. This is the kind of stimulating, thought- 
provoking work that fills a man with the feeling 


of accomplishment. 


Why not talk with your University’s Placement 
Officer about Bechtel today? For further information 
write to D. W. Townsend, Bechtel Corporation, 220 


Bush Street, San Francisco 4, California. 


BECHTEL CORPORATION 


* SAN FRANCISCO + New York 
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boprops instead of the original piston 
engines. Up till now, all the turboprops 
made in the U. S. have been conversions. 
But Lockheed and Douglas are de- 
signing turboprop transports from the 
ground up. It is claimed that these 
transports when finished might be able 
to haul cargo 5 cents per ton mile, one 
half to one third of today’s costs with 
piston powered transports. Douglas’s 


Answers the needs of restaurants, hospitals, 


C-133A is designed to haul a 25 ton 
payload at better than 400 M.P.H. for 
a range of 3,500 miles. The C-133A 
was unveiled the early part of February 
this year; it is the first American turbo- 
prop built from the ground up. Al- 
though it is yet to be tested in flight, its 
cargo capacity is twice that of the largest 
military transport now in service. 

The Vickers Viscount, a British prod- 


hotels, fishermen, truckers, dairymen, poultrymen and others 
for clean, broken ice that can be scooped, shoveled, bagged 
or blown through a hose. Shell-lce Makers are full-automatic, 
require little floor space, are highly economical. Built ina 
multiplicity of sizes. Ask for bulletin 54. 
Get data now on the Frick Graduate Training 
Course in Refrigeration. 
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uct, deserves special recognition. ‘This 
turboprop has been operating on sched- 
uled flights for several years in Europe, 
and it has been used for scheduled 
flights by Capital Airlines for almost a 
year. The Viscount is powered by 4 
Rolls-Royce turboprops, carries 40 or 
more passengers at better than 300 
mph, and has a range of about 1,000 
miles. Capital Airlines bought 40 Vis- 
counts in early 1955 and has these turbo- 
props on scheduled flights as an experi- 
ment. All the other airlines are watching 
to see how these power plants operate. 
In the past, military has had consider- 
able trouble; many military planes have 
spent most of their life on the ground 
waiting for replacement parts. Then 
there was also the absence of proper 
safety controls, but recent developments 
of the negative - thrust - control - system 
which detaches the propeller assembly 
from the engine immediately in case of 
a power plant failure provides the neces- 
sary safety. Without such a system, the 
drag created from one propeller in case 
of a power plant failure could whip a 
multi-engined plane around so fast as to 
break up the plane. With the develop- 
ment of adequate safety devices, it is 
expected that air-transport manufactur- 
ers will soon develop turboprop airliners. 

In conclusion, let me say that we are 
all impressed by the glamour of jet air- 
liners traveling 500-600 mph. But, 
airlines are not impressed by glamour. 
They are in business to make money, 
and trends of the public determine their 
policy. Because the public trend is 
toward shorter average flights and speed 
with safety and economy, the turboprop 
alone provides the necessary efficiency 
and flexibility for airlines. There will 
always be room for turbojets in inter- 
continental travel, but there is not much 
demand for these long flights. 
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NORTH AMERICAN HAS BUILT MORE AIRPLANES THAN ANY OTHER COMPANY IN THE WORLD 


At North American — 


DIVERSITY CREATES OPPORTUNITY 


Graduates, undergraduates — A North American representative will be 
on your campus soon. He will give you complete details on the hundreds 
of openings these expanding fields create: Arrcrart: the Korea-famed 
F-86 Sapre JET, the record-smashing F-100 Super Sasre, and Airborne 
Vehicles of the Future. Guipep Missites: the SM-64 Navano Interconti- 
nental Guided Missile. ELEcTRo-MECHANICAL CONTROLS: fire controls, 


automatic navigation systems, flight control computers — for aircraft and 
missiles. ENGINES: lightweight, high-thrust rocket engines for the NavaHo 
and for other missile programs. Atomic ENERGy: the development of 
nuclear reactors for research, medicine and power. 


North American engineers work in top-level teams, share in a liberal 
Patent Award Program, a highly successful Suggestion Award Plan and 
many other unexcelled job benefits. 


See the North American Representative at your school...or write: 


Mr. Stevenson, Dept. 56-CM Mr. Kimbark, Dept. 9120-CM Mr. Pappin, Dept. 56-CM 


Engineer Personnel Office Engineer Personnel Office Engineer Personnel Office 

North American Aviation North American’s Missile & North American’s 

Los Angeles 45, California Control Departments Columbus Division 
Downey, California Columbus 16, Ohio 


ENGINEERING AHEAD FOR A BETTER TOMORROW 


Nort American Aviation. INC. 
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instrumentation laboratory 


At Ramo-Wooldridge today there exists a wide range 

of projects intended to aid aircraft in navigating to the 
vicinity of targets, finding the targets, destroying them, 
and returning safely to base. Work is under way in such 
fields as infrared and microwave detection, information 
display, communication and navigation, and analog and 
digital computing. Some projects are in the laboratory 
development stage, some in the flight test stage, some 

in pilot production. 


Good progress is being made in the establishment of 
facilities and operational patterns that are well tailored 
to the unique reauirements of advanced electronic 
systems work, 


AIRBORNE ELECTRONICS 


AND 


WEAPON CONTROL SYSTEMS 


Simulators in computing center 


Positions are available for scientists and engineers 
in these fields of current cctivity: 


Communications Systems 

Digital Computers and Control Systems 
Airborne Electronic and Control Systems 
Electronic Instrumentation and Test Equipment 
Guided Missile Research and Development 
Automation and Data Processing 

Basic Electronic and Aeronautical Research 


The Ramo-Wooldridge Corporation 
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5730 ARBOR 


VITAE STREET, LOS ANGELES 45, CALIFORNIA 


For Engineers . . . 


Foreign Opportunities 


The present foreign expansion of 
American industry has given rise to a 
wealth of opportunities for engineers in- 
terested in working abroad. Manufac- 
turers engaged in almost every field 
are currently developing their foreign 
activities at a feverish pace in order to 
keep up with the world’s commercial 
expansion. Each new development or ex- 
pansion requires more trained personnel : 
more engineers, more technicians, more 
salesmen, more clerks; in fact, more 
trained personnel in every field. Any 
graduating engineer, interested in a per- 
manent job with an excellent chance for 
promotion and an opportunity to show 
leadership capabilities would do well to 
investigate the numerous opportunities 
in foreign employment. 


The postwar natural resources devel- 
opments have created many opportuni- 
ties for engineers and technicians. Uran- 
ium, titanium, vanadium, thorium, tung- 
sten, and many other metals are being 
used in much greater quantities due to 
the current advances in missiles, planes, 
and other modern weapons. Petroleum 
is assuming an even greater role in in- 
dustry, glass is becoming more important 
as a structural material, and wood and 
wood products are maintaining their 
crucial value to industry; all these have 
made the need for engineers and tech- 
nicians in the world raw-materials in- 
dustries even more critical. 

Many large corporations are expand- 
ing their manufacturing activities to for- 
eign areas. Industry has come to realize 
the many advantages from local process- 
ing of raw materials. Again engineers 
are needed to supervise these activities, 
to develop new material processes, and 
to exploit more fully the capabilities of 
local workers. 

Other engineers are needed for for- 
eign sales opportunities. Agriculture, 
heavy machinery, business machinery, in- 
dustrial power, and communications are 
just a few of the areas which require 
sales personnel with a technical back- 
ground. Often one person will contract 
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by James T. Kries, Eng. Physics ‘59 


for a given system, design it, supervise 
its installation, and periodically survey 
the site for possible improvements. Again 
engineering training is required in addi- 
tion to many other requisite skills. 

The over-all employment picture is 
very promising for eligible engineers. 
The personnel requirements are some- 
what demanding, but qualified engineers 
will find satisfying, rewarding oppor- 
tunities in the foreign field. 


Personnel Requirements 


Foreign service requires an engineer 
with above - average engineering capa- 
bilities combined with many other requi- 
site characteristics. Most of the posi- 
tions require a certain degree of leader- 
ship and supervisory skill. They also 
require the ability to get along with 
people, particularly those of other na- 
tionalities and races. The foreign engi- 
neer will generally supervise the work 
of the nationals, directing their progress 
and coordinating affairs with their labor 
representatives. In these jobs, personnel 
relations are of utmost importance. 

The engineer must have a_ large 
amount of resourcefulness and ingenuity. 
Many decisions must be handled by the 
engineer when there is insufficient time 
to consult the home office. He must be 
able to look at things with an eye to- 
ward possible improvements; he must be 
constantly aware of deficiencies. The fu- 
ture of his company depends on his con- 
tributions toward products or service de- 
velopment and improvement. 

Acceptability is highly important in 
foreign service. The engineer working 
abroad must be acceptable to the country 
in which he is working and the United 
States government as well as to his own 
company. He is their diplomatic repre- 
sentative in the foreign country and as 
such must be able to promote good rela- 
tions between the two countries. 

Many countries limit the number of 
Americans who can enter and thus the 
company must be able to get the most 
out of any individual they select. In ad- 


dition to the engineering skills, he must 
be sales manager, technical supervisor, 
public relations man, and many other 
things in one. A company must get ver- 
satility in their personnel to make their 
expenditure worthwhile. 


Benefits 


With such high requirements, com- 
panies hiring men for foreign work must 
be prepared to offer suitable compensa- 
tion for their services—and they do. The 
salary scale is generally above that of 
the United States by about twenty-five 
per cent. In addition, many companies 
provide expense accounts for certain 
types of expenses incurred overseas. Al- 
though foreign employment is not a get- 
rich-quick situation, men in the field get 
generally good to excellent salaries de- 
pending to some extent on their indi- 
vidual qualifications, the type of work 
involved, company policy, and many 
other factors. In addition to the salary, 
many companies give paid vacations of 
six months to a year in duration for 
every three to five years overseas serv- 
ice. The opportunities for individual 
travel in the areas are thus unlimited. 

Accommodations are generally good, 
in many ways equalling American stand- 
ards. The housing is generally compar- 
able to American standards although the 
specific situation is somewhat dependent 
on local conditions. Since most of the 
positions are relatively permanent, hous- 
ing is generally well established. Shop- 
ing facilities are usually quite conveni- 
ent, again somewhat depending on local 
conditions. Jobs in or near large cities, 
of course, offer most of the advantages 
of any comparable stateside city, inclu- 
ding many large department stores and 
small shops of all kinds. 

Recreation and education are two 
points which can be difficult. Generally 
the company does not have elaborate 
recreational programs and the engineer 
must depend on family life and limited 
local facilities for his entertainment. 


Education beyond eighth grade for 
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the engineer’s family sometimes becomes 
quite difficult. Oft times it is necessary 
to send the child back to the states for 
his formal education. Many companies 
are quite cooperative in this, many of 
them flying him to school and back each 
year at company expense. European 
schools are noted for their high educa- 
tional standards and the engineer may 
be sufficiently fortunate to live near one 
of these. 

There are many benefits available to 
the foreign career engineer, particularly 
one with a family. The life is generally 
interesting and often challenging. The 
foreign environment provides opportun- 
ities which might never be available in 
the United States. 


Preparation 


The engineer interested in foreign 
work must be carefully and compre- 
hensively trained if he is to perform his 
duties properly. He must be thoroughly 
familiar with the company and its pol- 
icies; he must be familiar with the coun- 
try in which he is to work and _ its 
language and customs, and he must be 
well informed in the engineering aspects 
of the company’s line of business. All 
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this requires much training, the average 
time being about two years. During this 
time, the engineer gets a special educa- 
tional program especially designed for 
his foreign work. This is generally given 
in the home office and at the home plant. 
Company policy, regulations, history, 
and aims are among the first parts of 
the engineer’s training. He must become 
thoroughly familiar with the company’s 
philosophy in order to properly execute 
their desires. During this training, he 
may travel to see many of the sales and 
manutacturing facilities of the company. 
He will probably see and become famil- 
iar with the complete manufacturing 
procedure for his company’s product. He 
will learn the company’s past products, 
the improvements currently encountered, 
and possible future improvements. 
During this general indoctrination 
period, the company and the engineer 
will be working together in an effort to 
determine the proper choice of job loca- 
tion for the engineer. The results of 
these conferences determine the future 
course of the enginer’s training. One 
thing which might influence an engi- 
neer’s location is his knowledge of for- 


eign languages; an engineer fluently 


speaking Spanish, for example, is some- 
what more likely to be sent to a Spanish- 
speaking country. Knowledge of a 
foreign language is not necessary, how- 
ever, aS most companies expect to have 
to train the engineer for this assignment. 
Many of them have set up language 
training programs of their own, while 
others utilize the facilities of local col- 
leges and universities. 

The engineer will become familiar 
with the type of work his company is 
doing within his new work area. He 
will probably spend some time processing 
paper-work from that area or working 
in the plant manufacturing the products 
applicable to his future assignment area. 
When thoroughly familiar with the 
products, he is then ready for his geo- 
graphic orientation. 

In order to conduct business rela- 
tions properly, it is highly important for 
the engineer to be well informed about 
the country in which he will be work- 
ing. He will learn the procedures cur- 
rently employed in his immediate assign- 
ment area, the position of the engineer 
with respect to the nationals, and many 
points on which he must be extremely 
cautious. With his training program 
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WHY CERTAIN 
DESIGNS SUCCEED 


an tdea to help 
you advance faster 


UCCESSFUL designers state that 
costs are the most important 
factor in the success of any product 
development today. Manufacturers 
recognize this and, as a result, seek 
out the engineers who are cost 
minded. 


Industry’s stress on lower costs 
comes from the increasing competi- 
tion for buyers. Rising costs of ma- 
terials and labor must be offset by 
good designs to keep selling prices 
down to realize a profit from sales. 


Ingenious use of materials is the 
best way you can eliminate needless 
expense in manufacture. By using 
steel as the basic material and weld- 
ing for fabrication, you have a de- 
cided advantage in saving money 
for a manufacturing company... 
and getting your designs accepted. 


EEF" 


Results from using welded steel 
instead of gray iron are shown in 
the above design comparison of a 
typical bracket used on modern 
machinery. The cast bracket costs 
$28.13. The welded steel bracket 
costs $6.49, weighs 65% less, yet is 
stronger and more rigid than the 
cast design. 


Similar savings are possible in 
many types of mechanical parts. 
Therefore, it will pay you to know 
how to utilize steel. Why not write 
us for latest design bulletins. 


THE LINCOLN ELECTRIC COMPANY 


Cleveland 17, Ohio 


The World’s Largest Manufacturer of 
Arc Welding Equipment 
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now completed, he is ready to take an 
active part in the company’s business, 
ready to justify the money and time in- 
vested in him. 


Overseas Duties 


The junior engineer will begin his 
on-the-job indoctrination as soon as he 
arrives at his new job. He will learn 
the “ground-rules,” and become familiar 
with the personnel with whom he is to 
work. He must also allow some time for 
getting his family settled and_ taking 
care of the many registrations and other 
paper work required by foreign govern- 
ments. 

Advancement will generally come 
quite fast. Most engineers will assume 


some type of supervisory position with- 


in their first few months overseas. The 
amount of further advancement will de- 
pend entirely on the capabilities of the 
engineer, although few engineers who 
have qualified for overseas duties will 
find any difficulty in getting advance- 
ments both in salary and in responsibil- 
ity. 


Short-term Foreign Employment 


For the engineer who is not interested 
in making foreign employment his life 
work, there is another type of oppor- 
tunity available. Many companies have 
contracts with the military which re- 
quire that field engineers or technical 
supervisors be stationed wherever their 
material is used in order to assist the 
military maintenance of equipment of 
their manufacture. Since most of the 


equipment is used world-wide, this 
means an opportunity to spend a year or 
two in a few foreign countries. 

Every major area is represented in 
this field maintenance program. The air- 
craft, automotive, and electronic com- 
panies are particularly well represented. 
These companies hire graduating seniors 
(usually B.Se.), train them in_ their 
plants for a period of six months to a 
year, and then send them to various 
countries as field engineers. Most of the 
assignments are either six months or a 
year in length. It is thus possible for an 
engineer to see many foreign countries 
before his return to the States for other 
assignments. 

This type of work is especially adapt- 
~able to veterans who may have worked 
on the company’s equipment during their 
tour of duty in the service. Many com- 
panies recruit personnel for these field 
engineer jobs directly from military 
maintenance units. Thus the engineer 
will have made his military service obli- 
gations serve his future employment op- 
portunities. 


Conclusion 


The foreign fields provide good oppor- 
tunities for the engineer who may wish 
to choose a position offering both ad- 
venture and job security. Regardless of 
the type of engineering he may have 
specialized in, there are numerous op- 
portunities available, unequalled any- 
where in the world. The jobs constantly 
challenge the engineer, and create new 
horizons toward which he may work. @ 
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Richard C. Shafer, B.S. in mechanical engineering at Lehigh, 
was one of 16 engineers assigned to one of Western Electric's 
toughest post-war projects — developing manufacturing tech- 
niques for mass-producing (with great precision!) the tiny but 
amazing transistors which are already causing a revolution in 
electronics. 


Paul J. Gebhard, B.S. M.E. at the University 
of Maryland, was one of a team that helped 
develop Western's new electroforming 
process for coating steel telephone wire 
with copper, lead and brass in one continu- 
ous operation. His job: to develop conductor 
resistance-annealing equipment and electro- 
lyte filtration and circulating systems. 


Bobby L. Pettit (at right), an E.E. from Texas 
A. & M., is one of several hundred members 
of Western Electric’s Field Engineering Force. 
These F.E.F. men can be found all over the 
world —working most closely with the Army, 
Navy and Air Force — advising on the instal- 
lation, operation and maintenance of com- 
plex electronic equipment made by W.E. 
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engineers making news 


at 


Ween Electric's primary job — which goes 
‘way back to 1882 —is to make good telephone 
equipment that helps Bell telephone companies 
provide good service. It’s a very big job — and a 
very important one — which calls for the pooling 
of varied types of engineering skills. 

New manufacturing processes and methods 
are constantly required to produce better tele- 
phones, better central office equipment, better 
wires and cables, new types of electronic equip- 
ment to keep pace with the nation’s ever-growing 
need for more and better telephone service at 
low cost. 

In addition to doing our job as manufacturing 
unit of the Bell Telephone System, Western 
Electric is busy producing many types of elec- 
tronic equipment for the Armed Forces. Here 
again, young engineers of varied training are 
doing important work in connection with the 
manufacture of radar fire control systems, guided 
missile systems and special military communi- 
cations systems. 
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ARTS AND SCIENCE STUDENTS 


—From Kansas State Engineer 
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World's most powerful : 


McDONNELL F-101 — The Voodoo, an Air Force supersonic 
fighter that has two J-57 engines with afterburners, is the 


most powerful jet fighter yet built. 


BOEING B-52 — Hight J-57 engines, mounted in pairs, power 
this all-jet, heavy Air Force bomber. 


ereestomnesy a 


ae Ma, 
BOEING 707 — The Stratoliner will usher in commercial CHANCE VOUGHT F8U — Powered by a J-57 with afterburner, 
travel in the jet age. It is the counterpart of the KC-135, the Crusader is the Navy’s fastest carrier-based fighter. 

a military tanker-transport powered by four J-57 engines. 


The best airplanes... are designed 
around the best engines 


Today’s most valuable military aircraft, capable of 
supersonic or intercontinental flight, include various 
Air Force and Navy fighters, bombers and trans- 
ports. Among these are nine types that have a 
significant feature in common. They all fly on one 
type of engine — the J-57 turbojet. 


Also entrusted to the efficient, dependable opera- 
tion of Pratt & Whitney Aircraft’s jet engines will 
be the commercial jet transports soon to travel along 
the air lanes of the world. 


The excellence of the J-57 is attributed to the 
engineering team that has determinedly maintained 


World's foremost designer and builder 
of aircraft engines 
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its leadership in the field of aircraft powerplants. Ef- 
fort is now being directed toward the improvement 
of advanced jet and turboprop designs. Still to be 
anticipated is mastery of current technology’s most 
provocative problem — the successful development 
of a nuclear aircraft engine. 


Many engineering graduates would like to be 
concerned with the air power of the next generation. 
One way to fulfill that ambition is to pursue a 
career alongside the Pratt & Whitney Aircraft en- 
gineers who have consistently produced the world’s 
best aircraft engines. 


PRATT & WHITNEY AIRCRAFT 


DIVISION OF UNITED AIRCRAFT CORPORATION 
EAST HARTFORD 8, CONNECTICUT 
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YOUR FUTURE 


Ne 
SSS 
C + That important first job can start you off in 


the wrong direction—or it can lead you straight toward your 
goal. If your ambitions are high, Motorola has a place that will 
give you the finest chance possible for the advancement you 
want. You’ll get security and good salary, but, more important, 
you'll be working on projects with a future, like missile guid- 
ance, radar, and microwave. The door is wide open at Motorola, 
and the opportunity to fulfill your ambitions is yours. 


If you are an ELECTRICAL ENGINEER, MECHANICAL ENGINEER or PHYSICIST, 
contact Motorola today. 


CHICAGO, ILL.: 


Challenging positions in Two-Way Communications, Microwave, Radar and 
Military equipment, Television (Color) and Radio Engineering. 


PHOENIX, ARIZ.: 


Outstanding opportunities in the development and production of Military 
equipment and Transistor products. 


RIVERSIDE, CAL.: 


This new modern research laboratory, located 65 miles from Los Angeles, 
needs men in Missile and Military equipment systems analysis and design, 


Contact your Placement Officer for further information regarding interview 
time, place and date, or write to: 


MOTOROLA 6501 nisuste vd.» Chicago 51.1. 
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Cutie 


for 
April 


Te 


Diana Flynn is the cutie who 
adorns the pages as Miss April 
this month. She is a permanent 
resident of Champaign and she 
also is a member of Pi Beta Phi. 
Diana is an 18 year old fresh- 
man in LAS, majoring in English. 
She was a finalist in the IF 
queen contest, Dolphin queen 
contest, and she was in the 
junior IF queen’s court. She is 
presently an Illio beauty final- 
ist. In her spare time Diana en- 
joys playing the piano, swim- 
ming, and bowling, in which 
sport she is supposed to be an 
expert (?). She has light brown 
hair, blue eyes, and she meets 
the following specifications: 
height 5’9”, weight 130 pounds, 
circumferences in the usual 
places—34-24-36. We are happy 
to report that if an industrious 
engineer should happen to 
phone her, he would find that 
she has no permanent commit- 
ments to anybody, but you had 


better hurry. 
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Planned with 

the finest facilities 
.. 0 build 

the finest of cars 


Architects and Consulting Engineers: GIFFELS, VALLET, INc., DETROIT 
°} S > 


General Contractor: H. K. Fercuson Co., CLEVELAND 
Mechanical Contractor: STANLEY CARTER Co., DETROIT 


...equipped with 
JENKINS VALVES 


The new Continental Division plant of the Ford 
Motor Co. has been built with every facility 
keyed to an avowed purpose .. . producing 
America’s finest motor car. 

All components were selected to meet the highest 
standards of performance, Jenkins Valves control plant include many sizes of globe, angle, gate, and check 
the intricate network of pipelines so essential to valves. The above illustration shows Jenkins Valves installed 
modern plant operation. on condensate return pump lines. 

Confidence in the time-proved efficiency, 
economy, and safety of Jenkins Valves is the 
reason why they are chosen for so many of the 
news-making structures that are pacing the ad- 
vance in modern plant design, *_ 
For all cost-wise builders, the Jenkins Diamond C . _ 
is a reliable guide to lasting valve economy. 


Jenkins Bros., 100 Park Ave., New York 17. 


THE JENKINS VALVES installed in the Continental Division 
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JENKINS DIAMOND 
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JAMES CLARK 
MAXWELL 


by Jon L. Grushka, E.E. ‘59 


Oh tell me, when along the line 

From my full heart the message flows, 
What current are induced in thine? 
One click from thee will end my woes. 


Through many an Ohm the Weber flew, 
And clicked this answer back to me— 
“T am Farad, staunch and true, 
Charged to a Volt with love for thee.” 


You might ask who wrote the above 
few lines. You might even guess that 
the writer was Dorothy Parker, Ogden 
Nash, or even Henry Wadsworth Long- 
fellow. He was none of these, to be 
sure. The above lines are the closing 
paragraphs from a poem written by 
James Clerk Maxwell, entitled /alen- 
time by a Telegraph Clerk to a Tele- 
graph Clerk. This was the other, sel- 
dom brought-out side of the famous 
Scottish physicist. Maxwell did not 
write for a profession, but rather for a 
hobby. He would write bits of verse, 
such as this, when communicating with 
his friend and fellow scientist, Peter 
Guthrie Tait. Maxwell, like most 
writers, used a pen name (dp/dt) in his 
letters to his friend. Actually, this pen 
name came from one of Tait’s formulas 


ra (6: 


: d 
for thermodynamics, a 


When the equation was transposed, the 
formula would reveal the author’s in- 
itials: dp/dt = JCM. 

James Clerk Maxwell was born in 
Edinburgh in-1831, the only son of John 
Clerk Maxwell, a descendant of the 
well-known Scottish family of Clerk of 
Penicuik. His father was an amateur 
scientist, engineer, and mechanic, which 
was the basis for James’ interest in 
science. 

Maxwell began his education at Edin- 
burgh Academy, where he attended lec- 
tures on mathematics, natural and men- 
tal philosophy, and chemistry. He went 
on to study at the University of Edin- 
burgh (1847-1850) where he devoted 
a large portion of his time to research. 
At the age of 15, Maxwell submitted a 
paper to the Royal Society of Edinburgh, 
entitled, “On the Description of Oval 
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Curves,” in which he devised a method 
for drawing certain oval curves, which 
had been the problem to scientists for 
many years. At 17, Maxwell suggested 
the use of polarized light to study strains 
in transparent materials, which led to 
a completely new and different branch 
of engineering. While he was at the 
University, Maxwell published two 
other papers through the Royal Society: 
“On the Theory of Rolling Curves’ 
(1849), and “On the Equilibrium of 
Elastic Solids” (1850). 

In October of 1850, Maxwell left 
for Cambridge, entering as an under- 
graduate student at Peterhouse, but in 
December he transferred to Trinity. 
While he was at Trinity, Maxwell 
established an excellent scholastic rec- 
ord and graduated second wrangler 
(similar to the salutatorian of today), 
and was tied with the senior wrangler 
in the competition for the Smith prize. 

In 1846 Maxwell was appointed pro- 
fessor of natural philosophy at Mar- 
ischal College in Aberdeen. He held this 
post until 1860, when he became pro- 
fessor of physics and astronomy at King’s 
College in London. 

Maxwell’s next achievement was the 
winning of the Adam’s prize in 1859 
for his first great work entitled, On the 
Stability of Saturn's Rings, in which 
he proved the rings surrounding Saturn 
to be made up of material particles. 


Maxwell retired temporarily in 1868, 
but was summoned again in 1871 to be- 
come the first holder of the professorship 
at the Cavendish Laboratory of Experi- 
mental Physics in Cambridge. While at 
the Cavendish Laboratory, Maxwell 
proceeded with his experiments and 
theories. His second work concerned his 
experimentation with color and_ color 
blindness. Maxwell did a number of ex- 
periments with color, and it was he who 
first proved that all colors are comprised 
of various combinations of the three 
“primary” colors of red, blue, and yel- 
low. He used his famous “color disks” 
and ‘color box’ to demonstrate his 
theory to the Royal Society. 

Maxwell’s third work, the electro- 
magnetic theory of light, is considered 
by all to be his greatest contribution to 
science. This was presented to the Royal 
Society in preliminary form in 1864, 
but it was not until 1873 that it was 
published in its fully developed form. 
This theory appeared in his Electricity 
and Magnetism. His theory shows that 
electromagnetic waves travel through 
space in the same manner as light waves, 
and that both have the same velocity. It 
was not until 23 years later that this 
theory was definitely proven by Hein- 
rich Hertz, who, in 1887, produced elec- 
tromagnetic waves from an oscillating 
electric current and found that the 
emitted waves had a velocity equivalent 
to the speed of light. Those waves were 
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similar to the radio waves of today. The 
mark of Maxwell’s genius shows; in 
proving his electromagnetic theory of 
light, he never did a single experiment 
to confirm his theory. 

Another of Maxwell’s great theories, 
the theory of the pressure of light, came 
out at the same time as his theory on 
electromagnetic waves. Maxwell’s theory 
was: ‘there is a pressure on an absorb- 
ing surface equal to the energy density 
in the radiant beam.’’! It was this theory 
that Maxwell put forth that led to the 
development of the relation between 
mass and energy, E = mc’, established 
by Albert Einstein in the thirties. 

There were other credits to Maxwell’s 
name, too. Among them are his Theory 
of IHeat, which was published in 1871, 
and his widely-known Afatter and AMo- 
tion, which came out in 1876. The unit 
of magnetic force, the maxwell, is named 
after him in his honor for the work he 
did in the fields of electricity and mag- 
netism. 

This was only the scientific life of 
James Clerk Maxwell. He was, in pri- 
vate life, a man liked by all. Maxwell’s 
fellow scientist, Peter Guthrie Tait, 
once said: “In private life Clerk Max- 
well was one of the most lovable of men, 
a sincere and devote Christian. Though 
perfectly free from any trace of envy or 
ill-will, he yet showed on fit occasion 
his contempt for that pseudo-science 
which seeks for the applause of the ig- 
norant by professing to reduce the whole 
system of the universe to a fortuitous 
sequence of uncaused events.” 

In 1879, Maxwell’s health broke, 
putting an end to the life of “the sci- 
entist who took the first step toward the 
formulation of the modern theory of 
electricity.” 


Scientific Monthly—July, 1953 
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All over the world technical ‘‘Minute Men” of the RCA Service Company assist the U.S. Army, Navy, Air Force. 


to our Armed Forces everywhere 


In Northern Japan, in Florida, in 
Guam—all over the world, the 
technical ‘“‘Minute Men” cf the 
RCA Government Service Depart- 
ment are assisting our Armed 
Forces. 

These ‘‘Minute Men’’—experts 
in electronic installation, mainte- 
nance, and training—are backed 
by the RCA organization that pro- 
vides a wide range of complete 
electronic services and systems to 
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the nation. Behind them stand 
RCA’s 37 years cf experience in 
communications; moxe than 70,000 
RCA employees in manufacturing 
plants stretching from coast to 
coast; plus the fullest research fa- 
cilities devoted to clectronics that 
industry has ever known. 


In all these ways, the RCA Gov- 
ernment Service Department has 
proved its ability to give added 
strength to our Armed Forces. 
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tion of America, Camden 2, N. J. 
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Book Review... 


Relativity, the Special 
and General Theory 


from Books That Changed the World 


by Robert B. Downs 


Last month, to commemorate the first 
anniversary of the death of Albert Ein- 
stein, Illinots Technograph published a 
group of articles on that great man. 
Since publication. a book entitled “Books 
That Changed the World,’ copyright 
1956, by Robert B. Downs, director of 
the University of Illinois Library, has 
been published by the New American 
Library and the American Library Assn. 
We believe his article on the theory of 
relativity to be a fitting postscrip to the 
Einstein story of last) month.—THE 
EDITORS 


Albert Einstein is one of the rare fig- 
ures in history who succeeded in becom- 
ing a legend of heroic proportions during 
his own lifetime. The more incompre- 
hensible to the lay public his ideas ap- 
peared, the more its curiosity was 
whetted, and the more it saw him a3 
speaking from some remote Olympian 
height. As Bertrand Russell aptly re- 
marked, “Everybody knows that [in- 
stein has done something astonishing, but 
very few people know exactly what it 
is that he has done.” To be told, though 
inaccurately, that there are scarcely a 
dozen men in the entire world who fully 
grasp Einstein’s theories of the universe, 
challenges and intrigues thousands, if 
not millions, who thereupon resolve to 
attempt to understand what the great 
mathematical wizard is saying. 

Einstein’s incomprehensibility stems 
from the extraordinarily complex nature 
of his field of operation. An unnamed 
English scientist, quoted by T. E. 
Bridges, stated the situation as follows: 

This (Einstein’s) doctrine has to do 
with the relationship between physical 
and mathematical events and can 
therefore be explained only in mathe- 
matical terms. It is impossible to pre- 
sent it in any form which can be 

understood by those who have not a 

fairly advanced knowledge of algebra. 
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A similar point of view was expressed 
by George W. Gray: 

Inasmuch as the theory of relativity 
is presented by its author in mathe- 
matical language, and in strictness of 
speaking cannot be expressed in any 
other, there is a certain presumption 
in every attempt to translate it into 
the vernacular. One might as well try 
to interpret Beethoven’s Fifth Sym- 
phony on a saxophone. 

Nevertheless, perhaps certain features 
of the Einstein cosmos can be suggested 
without resort to mathematical symbol- 
ism. And a fantastic world it is, ex- 
tremely upsetting to ideas firmly estab- 
lished for centuries, “A strange pudding 
for the layman to digest.’’ We are asked, 
for example, to accept such incredible 
conceptions as these: space is curved, the 
shortest distance between two points 1s 
not a straight line, the universe is finite 
but unbounded, parallel lines eventually 
meet, light rays are curved, time is rela- 
tive and cannot be measured in exactly 
the same way everywhere, measurements 
of length vary with speed, the universe 
is cylindrical instead of spherical in 
shape, a body in motion will contract 
in size but increase in mass, and a fourth 
dimension—time—is added to the famil- 
iar three of height, length and width. 

Though Einstein’s contributions to 
science have been innumberable, his 
fame rests primarily upon the theory of 
relativity, an achievement which, Banesh 
Hoffman concluded, ‘has a monumental 
quality that places its author among the 
truly great scientists of all time, in the 
select company of Isaac Newton and 
Archimedes. With its fascinating para- 
doxes and spectacular success it fired the 
imagination of the public.” 

The Einstein revolution began in 
1905, with the appearance in a German 
journal, Annalen der Physik, “On the 
Electrodynamics of Moving Bodies.” At 


the time, Einstein was only twenty-six 
years of age, and serving as a minor 
official in the Swiss patent office. He 
had been born into a middle-class Jewish 
family at Ulm, Bavaria in 1879. As a 
student, he was not precocious except 
in mathematics, a field in which he dis- 
played early evidences of genius. Be- 
cause of the failure of the family for- 
tune, Einstein was forced out on_ his 
own at fifteen. Emigrating to Switzer- 
land, he was able to continue his scien- 
tific education at the Polytechnic Acade- 
my in Zurich, married a fellow student, 
and became a Swiss citizen. Denied his 
ambition for a university professorship, 
in order to earn a living he settled in 
a job making preliminary reports and 
rewriting inventors’ applications for the 
patent office. His spare time was used 
for intensive study of the works of 
philosophers, scientists, and mathematic- 
ians. Soon he was ready to launch the 
first of a flood of original contributions 
to science, destined to have far-ranging 
repercussions. 

In his 1905 paper, Einstein set forth 
the Special Theory of Relativity, chal- 
lenging man’s existing concepts of time 
and space, of matter and energy. The 
foundations for the theory were laid 
down in two basic assumptions. The 
first was the principle of relativity: all 
motion is relative. A familiar illustration 
of the principle is a moving train or 
ship. A person sitting in a train with 
darkened wndows would have, if there 
was little commotion, no idea of speed 
or direction, or perhaps even that the 
train was moving at all. A man on a 
ship with portholes closed would be in 
a similar predicament. We conceive mo- 
tion only in relative terms, that is in 
respect to other objects. On a_ vastly 
greater scale, the forward movement of 
the earth could not be detected if there 
were no heavenly bodies for comparisons. 
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Einstein's second major hypothesis 
was that the velocity of light is inde- 
pendent of the motion of its source. The 
speed of light, 186,000 miles a second, 
is always the same, anywhere in the 
universe, regardless of place, time, or 
direction. Light travels in a moving 
train, for instance, at exactly the same 
speed as it does outside the train. No 
force can make it go faster or slower. 
Furthermore, nothing can exceed the ve- 
locity of light though electrons closely 
approximate it. Light is, in fact, the 
only constant, unvarying factor in all 
of nature. 

A famous experiment carried out by 
two American scientists, Michelson and 


Morely, in 1887, furnished the basis for 


Einstein's theory on light. To measure 
the speed of light with absolute exact- 
ness, an ingenious apparatus was built. 
Two pipes, each a mile in length, were 
placed at right angles to each other. One 
pipe was pointed in the direction of the 
earth’s journey around the sun, and the 
second against the direction of the 
earth’s motion. At the end of each pipe 
a mirror was placed and a beam of light 
shot into both pipes at exactly the same 
instant. If the theory then prevailing was 
true, that an invisible ether filled all 
space not occupied by solid objects, one 
ray of light would have been analogous 
to a swimmer crossing against the cur- 
rent, while the other was comparable to 
a swimmer going down stream. To the 
astonishment and mystification of the 
scientists, however, the two beams of 
light came back together, at the same 
identical moment. The experiment was 
considered a failure. 


Einstein's paper in 1905 answered the 
question which had puzzled Michelson, 
Morely, and their fellow physicists. The 
existence of ether was rejected, and the 
experiment with the pipes had actually 
measured the speed of light correctly. 
The essential point deduced by Einstein 
was that light always travels at the 
same velocity no matter under what con- 
ditions it is measured, and the motion 
of the earth in regard to the sun has no 
influence upon the speed of light. 


Doubtless the most difficult of all 
Einsteinian concepts to comprehend and 
the most unsettling to traditional  be- 
liefs is the relativity of time. 

Einstein held that events at differ- 
ent places occurring at the same moment 
for one observer do not occur at the 
same moment for another observer mov- 
ing relatively to the first. For example, 
two events judged as taking place at the 
same time by an observer on the ground 
are not simultaneous for an observer in 
a train or an airplane. Time is relative 
to the position and speed of the observer, 
and is not absolute. Applying the theory 
to the universe, an event on a distant 
star, say an explosion, witnessed by an 
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earth dweller, did not occur on the star 
at the same time as it was seen on the 
earth. On the contrary, though light 
moves at 186,000 miles a second, an oc 
currence on a remote star may have 
taken place years before news of it 
reached our world, The star seen today 
is actually the star as it appeared long 
ago. Conceivably it may even have ceased 
to exist. 


If it were possible to conceive of a 
human being attaining speed greater 
than velocity of light, according to the 
theory of relativity, he could overtake 
his past and his birth would occur in 
the future. Every moving planet has its 
own system of time, varying from time 
schedules found elsewhere. A day on 
our planet is merely the period required 
for the earth to rotate on its axis. Since 
Jupiter takes more time in its revolution 
around the sun than does the earth, a 
year on Jupiter is longer than the earth’s 
year. As speed increases, time slows 
down. We are accustomed to the 
thought that every physical object has 
three dimensions, but time, maintains 
Einstein, is also a dimension of space, 
and space is a dimension of time. Neither 
time nor space can exist without the 
other and they are, therefore, interde- 
pendent. Because movement and change 
are constant, we live in a four-dimen- 
sional universe, with time as the fourth 
dimension. 


Thus the two basic premises of Ein- 
stein’s theory, as first presented a half- 
century ago, were the relativity of alli 
motions and the concept of light as the 
only unvarying quantity in the universe, 

In developing the principle of relativ- 
ity of motion, Einstein upset another 
firmly established belief. Previously, 
length and mass had been regarded as 
absolute and constant under every con- 
ceivable circumstance. Now, Einstein 
came along to state that the mass or 
weight of an object and its length de- 
pend on how fast the body is moving. 
As an example, he imagined a_ train 
1,000 feet long, traveling at four-fifths 
of the speed of light. To a stationary 
observer, watching it pass by, the length 
of the train would be reduced to only 
600 feet, though it would remain 1,000 
feet to a passenger on the train. Simi- 
larly, any material body — traveling 
through space contracts according to ve- 
locity. A yardstick, if it could be shot 
through space at 161,000 miles per sec- 
ond, would shrink to a half-yard. The 
rotation of the earth has the curious 
etfect of diminishing its circumference 
by about three inches. 

Mass, too, is changeable. As velocity 
increases, the mass of an object becomes 
greater. Experiments have shown. that 
particles of matter speeded up to 86 per 
cent of the speed of light weigh twice 
as much as they do when at rest. That 
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fact had tremendous implications for the 
development of atomic energy. 

Einstein’s original statement of 1905 
is known as the Special Theory of Rela- 
tivity because its conclusions are limited 
to uniform motion in a straight line, 
and are not concerned with other kinds 
of motion. In our cosmos, however, stars, 
planets, and other celestial bodies seldom 
move uniformly in a straight line. Any 
theory, therefore, which fails to include 
every type of motion offers an incom- 
plete description of the universe. [in- 
stein’s next step, accordingly, was the 
formulation of his» General Theory of 
Relativity, a process which required ten 
years of intensive application. In the 
General Theory, Einstein studied the 
mysterious force that guides the move- 
ments of the stars, comets, meteors, 
galaxies, and other bodies whirling 
around in the vast universe. 

In his General Theory of Relativity, 
published in 1915, Einstein advanced a 
new concept of gravitation, making 
fundamental changes in the ideas of 
gravity and light which had been gen- 
erally accepted since the time of Sir 
Issac Newton. Gravity had been regard- 
ed by Newton as a “force.” Einstein 
proved, however, that the space around 
a planet or other celestial body is a 
gravitational field similar to the mag- 
netic field around a magnet. Tremen- 
dous bodies, such as the sun or stars, 


are surrounded by enormous. gravita- 
tional fields. The earth’s attraction for 
the moon is thus explained. The theory 
also explained the erratic movements 
of Mercury, the planet nearest the sun, 
a phenomenon that had puzzled astron- 
omers for centuries and had not been 
adequately covered by Newton’s law of 
gravitation. So powerful are the gravi- 
tational fields that they even bend rays 
of light. In 1919, a few years after the 
General Theory was first announced, 
photographs taken of a complete eclipse 
of the sun conclusively demonstrated the 
validity of Einstein’s theory that light 
rays passing through the sun’s gravita- 
tional field travel in curves rather than 
in straight lines. : 

There followed from this premise a 
statement by Einstein that space is 
curved. Revolving planets follow the 
shortest possible routes, influenced by 
the sun’s presence, just as a river flowing 
toward the sea follows the contour of 
the land, along the easiest and most 
natural course. In our terrestial scheme 
of things, a ship or airplane crossing the 
ocean follows a curved line, that is the 
arc of a circle, and not a straight line. 
It is evident, therefore, that the shortest 
distance between two points is a curve 
instead of a straight line. An identical 
rule governs the movements of a planet 
or a light ray. 

If Einstein’s theory of curved space 
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is accepted, a logical deduction is that 
space is finite. A light ray from a star, 
for example, eventually returns, after 
hundreds of millions of vears, to the 
point from which it emanated, like a 
traveler who circumnavigates the earth. 
The universe does not extend forever 
into space, but has finite limitations, 
though no definite boundaries can be 
established. 


Of all the great scientific discoveries 
and findings coming from Einstein, his 
contributions to atomic theory have had 
the most direct and profound effect on 
the present-day world. Shortly after his 
first paper on relativity was published 
in 1905, in the Annalen der Physik, 
the same journal carried a short article 
by Einstein projecting his theory further. 
It was entitled “Does the Inertia of a 
Body Depend on Its Energy?” The use 
of atomic energy, declared Einstein, is 
possible—at least in principle. The re- 
lease of this tremendous force could be 
achieved according to a formula which 
he offered, the most celebrated equation 
in history: E equals m times c squared. 


To interpret, energy equals mass mul- 
tiplied by the speed of light and again 
by the speed of light. If all the energy 
in a half pound of matter could be 
utilized, Einstein held, enough power 
would be released to equal the explosive 
force of seven million tons of TNT. 
Withont Einstein’s equation, as one com- 
mentator pointed out, “experimenters 
might still have stumbled upon the fis- 
sion of uranium, but it is doubtful if 
they would have realized its significance 
in terms of energy, or of bombs.” 

In the famous equation, Einstein 
demonstrated that energy and mass are 
the same thing, differing only in state. 
Mass is actually concentrated energy. 
The formula, wrote Barnett in a bril- 
liant evaluation, “provides the answer 
to many of the long-standing mysteries 
of physics. It explains how radioactive 
substances like radium and uranium are 
able to eject particles at enormous ve- 
locities and to go on doing so for mil- 
lions of years. It explains how the sun 
and all the stars can go on radiating 
light and heat for billions of years, for 
if our sun were being consumed by 
ordinary processes of combustion, the 
earth would have died in frozen darkness 
eons ago. It reveals the magnitude of the 
energy that slumbers in the nuclei of 
atoms, and forecasts how many grams of 
uranium must go into a bomb in order 
to destroy a city.” 

Einstein’s equation remained a theory 
until 1939. By that time, its author had 
become a resident, and was shortly to 
become a citizen, of the United States, 
for he had been driven out of Europe 
by the Nazis. Learning that the Ger- 
mans were engaged in importing uran- 
ium and were carrying on research on 
an atomic bomb, Einstein wrote Presi- 
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“Some recent work by (Enrico) 
Fermi and (Leo) Szilard which has 
been communicated to me in manu- 
script, leads me to expect that the 
element uranium may be turned into 
a new and important source of energy 
in the immediate future. ... This new 
phenomenon would also lead to the 
construction of bombs, and it is con- 
ceivable ... that . . . a single bomb 
of this type, carried by boat and ex- 
ploded in a port, might very well de- 
stroy the whole port together with 
some of the surrounding territory.” 
As an immediate result of Einstein's 

letter to Roosevelt, construction of the 
Manhattan atom-bomb project was 
started. Almost five years later, the first 
bomb was exploded at the Almagordo 
Reservation in New Mexico, and shortly 
thereafter, the dreadful destruction 
caused by a bomb dropped on Hiroshima 
Was instrumental in bringing the war 
with Japan to a quick end. 

Though the atomic bomb was the 
most spectacular of all practical applica- 
tions of Einstein’s theories, his fame was 
also established by another remarkable 
accomplishment. Almost simultaneously 
with his Special Theory of Relativity in 
1905, there was developed Einstein’s 
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Photoelectric Law, explaining the mys- 
terious photoelectric effect, paving the 
way for the coming of television, motion- 
picture sound tracks, and the “electric 
eye” with its varied uses. It was for this 
discovery that Einstein was ‘awarded the 
Nobel Prize in physics in 1922. 

In his later years, Einstein labored 
indetfatigably on what is known as the 
Unified Field Theory, attempting to 
demonstrate the harmony and uniform- 
ity of nature. According to his view, 
physical laws for the minute atom should 
be equally applicable to immense celes- 
tial bodies. The Unified Field Theory 
would unite all physical phenomena into 
a single scheme. Gravitation, electricity, 
magnetism, and atomic energy are all 
forces that would be covered by the one 
theory. In 1950, after more than a gen- 
eration of research, Einstein presented 
such a theory to the world. He ex- 
pressed the belief that the theory holds 
the key to the universe, unifying in one 
concept the infinitesimal, whirling world 
of the atom and the vast reaches of star- 
filled space. Because of mathematical 
difficulties, the theory has not yet been 
fully checked against established facts 
in physics. Einstein had unshaken faith, 
however, that his Unified Field Theory 
would in time produce an explanation 
of the “atomic character of energy,” and 
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demonstrate the existence of a well- 
ordered universe. 

The philosophy which inspired and 
guided Einstein through decades of in- 
tense intellectual effort, and the rewards 
thereof, were described by him in a lec- 
ture on the origins of the General 
Theory of Relativity, at the University 
of Glasgow in 1933. 


The final results appear almost 
simple; any intelligent undergraduate 
can understand them without much 
trouble. But the years of searching in 
the dark for a truth that one feels, 
but cannot express; the intense desire 
and the alternations of confidence and 
misgiving, until one breaks through 
to clarity and understanding, are only 
known to him who has himself experi- 
enced them. 


On another occasion, Einstein gave 
evidence of the deeply spiritual side of 
his nature by this statement: 

The most beautiful and most pro- 
found emotion we can experience is 
the sensation of the mystical. It is the 
sower of all true science. He to whom 
this emotion is a stranger, who can no 
longer wonder and stand rapt in awe, 
is as good as dead. To know that what 
is impenetrable to us really exists, 
manifesting itself as the highest wis- 
dom and the most radiant beauty 
which our dull faculties can compre- 
hend only in their most primitive 
forms—this knowledge, this feeling is 
at the center of true religiousness. 
Innumerable scientists have paid tri- 

bute to Einstein. Quotations from two 
recent reviews of his career will illus- 
trate his unique hold on the scientific 
world. Paul Oehser wrote: 

Influence is a weak word for the 
work of Albert Einstein. The theo- 
ries he advanced were revolutionary. 
In them was born the Atomic Age, 
and where it leads mankind we know 
not. But we do know that here is the 
greatest scientist and philosopher of 
our century, who has become almost 
a saint in our eyes and whose achieve- 
ment is a justification of our faith 
in the human mind, a symbol of man’s 
eternal quest, his reaching for the stars. 
Another scientist, Banesh Hoffman, 

concludes: 

The importance of Einstein’s scien- 
tific ideas does not reside merely in 
their great success. Equally powerful 
has been their psychological effect. At 
a crucial epoch in the history of sci- 
ence, Einstein demonstrated that long- 
accepted ideas were not in any way 
sacred. And it was this more than 
anything else that freed the imagina- 
tions of men like Bohr and de Bro- 
glise and inspired their daring  tri- 
umphs in the realm of the quantum. 
Wherever we look, the physics of the 
20th century bears the indelible im- 
print of Einstein’s genius. @ 
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Year in and year out, we look to 
these nine schools for electrical, mechanical, 
industrial and general engineering talent. 
Experience has taught us they provide consistently 
high calibre men for our design, production 

and sales engineering assignments. 


Experience also has shown that those who join us 
find Square D a mighty good company to be with. 
Most of these men are still with us, growing 

and prospering with the constantly 

expanding electrical industry. 


Why not let us tell you more about Square D 
and what we have to offer? 


Wheel is Coupon 


We'd like to send you a brochure, 
“'Your Engineering Career.”’ It gives the simple rules 
to. follow in selecting an engineering career. 


Square D Company, Dept. SA 
6060 Rivard Street, Detroit 11, Michigan 
I’d like a copy of Square D’s brochure, 
“Your Engineering Career” 
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| Art in Industry . . 


One aspect of the ceramics industry 
which has not changed its fundamental 
features over the years is the small, high- 
ly skilled craft of glass blowing. An art 
that still requires an arduous apprentice- 
ship, it is unfortunately becoming quite 
rare. There is only one glassworks in 
America that fosters this ancient craft: 
Steuben Glass, a subsidiary of the Corn- 
ing Glass Center. Europe, however, 
boasts several fine manufacturers, among 
them Baccarat and Daum in France, 
and Kosta and Orrefors in Sweden. 

Crystal is a flint, or lead glass. It is 
the type glass used by Steuben and is 
much heavier than the delicate Venetian 
glass, which is a “soda-lime” glass. The 
“metal” is more transparent, and _ bril- 
liant, and lends itself to more robust de- 
sign than the Venetian. These qualities 
have prompted a revival of interest in 
crystal as an art medium, and have led 
to new expressions and experimentation 
in design. 

To obtain a glass that is absolutely 
colorless necessarily requires the purity 
of the ingredients that are used. For 
crystal these are sand, lead oxide, potash, 
and powdered glass. A formula for pure 
crystal has been perfected by Steuben 
which insures the colorlessness and trans- 
parency of the metal. 

Usually, however, the ingredients are 
not found in a pure state. Iron particles 
which are commonly found in sand are 
particularly active in preventing com- 
plete absence of color. They impart a 
greenish tinge to the glass. Decolorizing 
agents, known as glassmaker’s soaps, are 
frequently employed in the production 
of commercial glass. The most common 
ones used are manganese and arsenic 
which are good neutralizers for such im- 
purities. Care must be exercised in the 


Many years of experience are 
needed to become expert in the use 
of the simple tools of the glass- 
blower. —BPhotos courtesy of Steuben Glass. 
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by P. E. LaViolette 


addition of these elements also, for-too 
much manganese, for example, will give 
the glass a pinkish cast. 

Another quality to be expected of 
crystal is that it should be flawless. It 
is not always possible to avoid defects, 
however, even if great care is taken. 


V4 


STEUBEN GLA 


Their presence in any quantity is a sign 
of inferior workmanship. The most com- 
nion flaw to be found is bubbles. They 
are caused by air being trapped in the 
molten glass, or by gasses given off dur- 


ine’the melting. Their presence can part- 


ly be eliminated by melting the glass at 
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The “gatherer” takes the required 
amount of molten glass on the end of 
his blowing horn, and starts to blow 
the form. The “servitor” then begins to 
shape the glass. The “gaffer,’” who is 
the master blower, now takes over. He 
joins and shapes component parts, 
using shears to cut off excess glass, 
calipers to check dimensions, and sim- 
ple wooden tools to achieve the com- 
pleted form. A master engraver, working 
at a lathe, transcribes the artist’s design 
onto crystal. 
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high enough temperature for a suf- 
“icient length of time. 

| Another defect is ‘‘stones,” or small 
paque spots in the crystal. Particles of 
nfused material, these are usually bits 


he pot during the melting. ‘Cords,’ or 
iBtriations on the surface of the glass, are 
he result of unhomogeneity due to in- 
ufficient melting. 

When examining a piece of crystal, it 
s well to hold it up to the light. In this 
“manner, flaws and defects can easily be 
letected. It should also be noticed 
Wwhether the decoration is laid over a 
“flaw in an attempt to hide it. Perfect 
crystal can withstand the light test, and 
indeed, its perfection is shown to better 
advantage. 

Although the glassmaking industry 
has made use of scientific advances to a 
Hcertain extent, particularly in the per- 
fection of the formula for the glass itself, 
ancient techniques and_ processes for 
blowing and making the glass are still 
used today. Even the glassmaker’s tools 
have not changed to any great degree. 
The invention of glassblowing, which 
was a turning point in the history of 
glass, took place about the beginning of 
the Christian and the most im- 
portant processes in the blowing were 
known in antiquity. 


era, 


The glassworks is divided into several 
shops, each containing its own tools, 
benches, and “glory hole.” The glory 
hole is a small reheating oven that is 
used to keep the glass at a workable 
temperature. It is also used for fire pol- 
ishing. The various ingredients of the 
crystal are mixed thoroughly in a dry 
state, then heated in “pots,” or clay 
crucibles, to a temperature of 2500° F. 
The glass is then cooled to about 180( 
F. At this temperature the glass is in a 
viscous state, and is bright red in color. 

The “gatherer”’ 
making of the glass. Using a blowing- 
rod (or blowing-iron) about 5 feet long, 
he dips one end into the viscous glass, 
taking a “gather” of the molten glass 
on the end of the rod. He must judge 
with great accuracy the exact amount 
to take, because he cannot later add to 
it (except ‘“‘bits’”’ for handles, etc). As 
he blows through the tube from the 
other end, a small bulb forms in the 
glass. As more pressure is applied, the 
bulb expands, with the walls of the bulb 
becoming correspondingly thinner. 

The ‘“‘servitor” then begins to shape 
the glass. He places the blowing iron 
across the arms of the bench and rotates 
it back and forth. Vases, bowls, and sim- 
ilar objects must be constantly rotated 


begins the actual 


This deep crystal bowl was de- 
signed by Bruce Moore. The fig- 
Ures represent five important 
American holidays. 
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to prevent their collapsing. The mass of 
molten glass can be elongated by swing- 
ing the blowing iron (stems of glasses 
are produced in this fashion), it can be 
flattened by spinning the rod or shaped 
with a wooden tool while it is being ro- 
tated. The partially formed piece of 
crystal is then transferred from the 
blowing iron to a long, solid rod—the 
“pontil” rod. It is held in place by mol- 
ten glass on the end of the rod. 

The “gaffer,” or master blower, takes 
over at this point. He is in charge of the 
shop and does the most difficult opera- 
tions himself. If “bits” are to be added, 
the “bit-gatherer” brings extra gathers 
of glass to form these, which the gaffer 
joins and shapes. In its viscous state, one 
mass will adhere permanently to an- 
other. This makes it possible to join to- 
gether the several parts of a piece; for 
instance, a wineglass has three parts: 
the bowl, the stem, and the foot. 

The gaffer finishes the piece by “‘open- 
ing out,” or cutting off excess glass from 
the bowl with shears. The edges are 
smoothed by reheating, which leaves a 
rounded, smooth surface along the edges. 
This is a characteristic of handblown 


glass, since machined glass is ground off, 
leaving sharp, flat edges. 

The glass is now ready for the an- 
nealing oven, or “lehr.” It must be 
cooled slowly to prevent internal stresses 
and strains, which, though they may 
leave no mark in the metal that can be 
detected by the eye, can cause the piece 
to break later. The glass is placed on 
an endless belt and carried through a 
series of slowly decreasing temperatures. 
This cooling process may take from sev- 
eral hours to several days, depending on 
the size and thickness of the glass. 

The pontil rod leaves a rough mark 
on the foot of the finished piece which 
must be ground away and then polished. 
This leaves a shallow depression in the 
base, the presence of which is another 
method of identifying handmade glass. 

The crystal is now ready for the hand 
of the engraver. Most of the important 
pieces made by Steuben are decorated by 
the rare and difficult off-hand copper- 
wheel method. The engraver works at a 
small lathe into which he fits dozens of 
interchangeable copper wheels of various 
sizes and thicknesses. Some designs may 
require as many as 50 different wheels. 
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nine years practical experience in the design a 
production of outstanding Die Castings in 
Aluminum, and Magnesium, produced for ¢ 


of experienced and imaginative executives, 
neers and technicians set the pace for the le 
role that New Products Corporation plays i 


application of the die casting process to a 
of products. 
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The glass is pressed upward against the 


srevolving wheel, which is fed with an 
jabrasive mixture of linseed oil and em- 
jery powder. The result is a shallow in- 
ttaglio (counter-sunk work), which, be- 
iicause of an optical illusion, appears to 


be in bas-relief. 
The engraver follows a design on 
paper. He must have great technical 


}facility to be able to transfer the design 
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to the crystal, gaging by eye alone the 
proper proportions and cutting depths. 
Expert engravers have as much as 20 
to 30 years’ experience at their craft. 

Another fine method of decorating 
crystal, although not used as extensively 
as copper wheel engraving, is “cutting.” 
Cut glass has long been popular in 
America, and is in fact an ancient proc- 
ess used in the decoration of glass, par- 
ticularly vases and bowls. It may be 
either a surface decoration with the view 
of adding brilliance to the crystal, or it 
may be a means of creating new forms 
by grinding away masses of the glass. 

The design to be cut is laid on the 
crystal with a small brush and _ special 
ink. The cutter follows the forms of the 
design by pressing the glass against re- 
volving stone wheels. The abrasiv: 
action of the cutting wheels leaves a 
rough white surface on the glass which 
must be ground away with felt wheels, 
thus restoring the brilliancy of the glass. 

Crystal can also be moulded into 
sculptural forms, such as animals, fig- 
ures, and modern designs. The molten 
glass is placed in a heated mould where 
it is forced into all the hollows and 
crevices by means of a hand-operated 
plunger. When it is cool, it is planished 
and polished all over. To be effective, 
moulded glass depends a great deal on 
the flawlessness and transparency of the 
metal. 

Probably the greatest contribution of 
Steuben has been in the field of design. 
For centuries the artisan and the de- 
signer were one and the same. This often 
led to a lack of restraint in design and 
too ornate decoration, since few crafts- 
men who possessed great technical skill 
were also great designers. For this 
reason, there have been few creative 
masters in this field. America, for ex- 
ample, has produced only a few, the 
greatest of which were Steigel, Am- 
elung, and Wistar. The first step which 
Steuben took in the direction of better 
design was to separate artist and crafts- 
man—to have a design department en- 
tirely separate from the actual work- 
manship. To this end, several of the 
leading artists in this country and abroad 
were invited to create designs for their 
crystal. These have included Henri Ma- 
tisse, Salvador Dali, Sir Jacob Epstein, 
Sir Matthew Smith, Bruce Moore, and 
Sidney Waugh. 

American designers have called on 
mythology, American history and legend 
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for their designs. Waugh, whose designs 
are in the collection of several museums, 
and who created the Merry-Go-Round 
Bowl, a wedding present to Princess 
Elizabeth from the President of the 
United States, is perhaps the foremost 
American designer in the medium. Bruce 
Moore, another well-known American 
sculptor, is famous for his animal de- 
signs in crystal. 

Some artists have naturally shown 
more affinity for crystal design than 
others, and their designs tend to empha- 
size the luminosity and luster of the 
glass. Strong, simple designs of a classic 
nature have shown to best advantage the 
transparency and brilliancy of the metal. 
The decoration also lends a_ certain 
warmth to the glass, for crystal at its 
best has a cold perfection that is not en- 
tirely offset by its brilliance and fire. 
The idea for a new piece of crystal takes 
shape on the designer’s drawing board. 
The overall shape is first considered— 
the lines and curves in relation to each 
other and to the rules of good balance 
and proportion. Various techniques are 
considered—variation of wall thickness 
and silhouette, asymmetric shearing, and 
variation in weight and_ solidity. Al- 


Orchids, by Sir Jacob Epstein 


though simple bulbous and globular 
forms are the natural forms made by 
the handblown process, oval and_ tri- 
angular shapes modified from the round 
forms are possible. Always in the back 
of the designer’s mind is the desire to 
show off the clarity and flawlessness of 
the metal through the medium of design. 
Once the initial sketch is approved, 
the designer goes to the factory to super- 
vise the making of a sample piece. He 
works in close collaboration with the 
master craftsman to test his idea. After 
the sample piece is finally approved from 
the standpoint of design, it is turned 
over to the production staff for evalua- 
tion. They may reject it for manufactur- 
ing reasons, but they cannot influence 
the design itself. Hence, the design re- 
mains intact and the work of one man, 
rather than many. This has, perhaps, 
resulted in better modern design in 
crystal than any other one factor. 
Steuben’s policy has been, since its 
beginnings, an insistence on the excel- 
lence of material, workmanship, and de- 
sign. If any of the three is inferior, 
flawless crystal cannot be made. Every 
piece is subjected to a rigid inspection 
when it is finished. If it does not meet 
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An engineering writer is that rare 


WHS 
. 


combination of a man so technically informed 


that he knows every detail of a given 


piece of equipment—and also is able to 


present a clear, concise, written description 


of its operation and performance. 


Engineering writers at Hughes are as important to the team 
effort on any project as the other engineers and physicists with 
whom they work in close cooperation. This is because the material 
created by engineering writers are products—just as are antennas, 
modulators, synchronizers and other electronic items. 


The writers’ products include Hughes equipment operating 
instructions; pilot and radar operator instruction manuals; serv- 
ice instruction books; test equipment use and service manuals; 
illustrated parts catalogues. Tape recorders are a time- and effort- 
saving tool in this work. 


Evening classes are available nearby at the University of Cali- 
fornia, Los Angeles, and the University of Southern California, 
for engineering writers desiring to advance their knowledge of 


the electronics arts. 
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DEVELOPMENT LABORATORIES 
Culver City, Los Angeles County, California 


Photo, above: Engineering writer working with Hughes engineers 
ona design phase of the Hughes Falcon air-to-air guided missile, 


exacting requirements, it is destroyed 

immediately. If it does, it is signed by 
. . a) ) 

a diamond point, “Steuben.” © 


BIBLIOGRAPHY 


“The Art of Glass Making,” by Sidney 
Waugh (Dodd, Mead & Co. New York 
City). 

“Glass Manufacture,’ by Walter Rosen- 
hain (D. Van Nostrand Co., 8 Warren Street, 
New York City). 

“Coloured Glasses,” by Woldermer A. 
Weyl (Society of Glass Technology, Elmfield, 
Northumberland Rd., Shefheld 10, England, 
1951). 

“Jena Glass and Its Scientific and In- 
dustrial Applications,’ by Hovestadt (Mac- 
millan Co., 55 Fifth Avenue, New York 
City). 

“A Textbook of Glass Technology,” by 
F. W. Hodkin and A. Cousen (Constable & 
Co., London, England). 

“Die Glasfabrication,’ by Robert Drelle 
(Oldenbourg, Berlin, Germany). 

“Modern Glass Practice,’ by Samuel R. 
Scholes (Industrial Publications, Inc., Chi- 
cago, Ill.). 

“Flat Glass and Related Glass Products,” 
prepared by the United States Tariff Com- 
mission as Report No. 123, Second Series 
(Superintendent of Documents, Government 
Printing Ofhce, Washington, D. C.) ; 35 cents. 

“Properties of Glass,” by G. W. Morey 
(Reinhold Publishing Corporation, New York 
City). 

“The Manufacture of Optical Glass and 
of Optical Systems,’ compiled by Dr. F. E. 
Wright (Ordnance Department Document 
No. 2037 of the War Department). 

“Glass: The Miracle Maker,” by C. J. 
Phillips (Pitman Publishing Corporation, 
New York and Chicago). 

“Glas,” by Dr. Herman Thiene (Gustav 
Fischer, Jena, Germany), Vol. I (1931), Vol. 
WT (GB) 

“Glass Tank Furnaces,” by R. W. Devil- 
lers and F. E. Vaerewyck (Ogden-Watney 
Publishers, Inc., 11 West 42nd St., New York 
Citys 

“Handbook of Glass Manufacture,” com- 
piled and edited by Fay V. Tooley (Ogden 
Publishing Co., 55 West 42nd St., New York 
City). 

“Glastechnische Tabellen,”’ by Eitel-Pirani 
and Scheeel (Julius Springer, Berlin). 

“Glass,” by J. Home Dickson, Chemical 
Publishing Co., Brooklyn, N. Y., 1951. 


THE TECHNOGRAPH 


BRAIN 
TEASERS 


by Larry Kiefling, M.E. ‘56 


1. What number times 1,001 is itself 
repeated twice? 

2. What number subtracted from 
itself in reverse digit order, gives the 
difference using all of the first nine 
digits ? 

3. Write 100 by using four 9’s. 

+. An engineer walked into the store 
of a local merchant and made this prop- 
osition, “If you will give me as much 
money as I have in my pocket, I will 
spend $10 in your store.” His terms 
were immediately accepted and he re- 
ceived the equal of the money in his 
pocket, spent $10 and departed. He 
entered two more stores, stated his 
proposition, was accepted each _ time, 
spent $10 each time, and departed. He 
left the last store broke. Now, how much 
money did he have in his pocket when 
he entered the first store? 

5. I have no watch, but I have an ex- 
cellent clock, which I occasionally forget 
to wind. Once when this happened I 
went to the house of a friend, passed the 
evening in listening to the radio concert 
program, and went back to set my clock. 
How could I do this without knowing 
beforehand the length of the trip? 

6. A dog is in the center of a circular 
pond 200 feet in diameter, while a goose 
is swimming around the outer edge of 
the pond. The dog starts toward the 
goose, swimming at the same rate that 
the goose is swimming. He continually 
keeps in line with the center of the pond 
and the goose. How far would he swim 
before reaching the goose? 

7. “How old are you, mom” asked 
Bob on his fourteenth birthday. His 
mother replied “when vou are as old as 
I am your father will be twice as old 
as I am, but when you are as old as your 
father is I shall be 112 times as old as 
your father is.” 

8. Given the following four proposi- 
tions— 

a) If a Mathematician does not have 
to wait 20 minutes for a bus, then he 
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either likes Mozart or else whiskey, but 
not both. 

b) If a man likes whiskey, then he 
either likes Mozart and does not have 
to wait 20 minutes for a bus, or else he 
does not like Mozart and has to wait 
20 minutes for a bus, or else he is not 
a mathematician. 

c) If a man likes Mozart and does 
not have to wait 20 minutes for a bus, 
then he likes whiskey. 

d) If a mathematician likes Mozart, 
then he either likes whiskey or has to 
wait 20 minutes for a bus. Conversely, 
if he likes whiskey and has to wait 20 
minutes for a bus, then if he likes 
Mozart he is not a mathematician. 

Determine under what conditions a 
mathematician must wait 20 minutes for 
a bus. 

9. Solve the division problems below 
by finding the correct digits to replace 
each of the letters. 


SAVE 
MORE 
MONEY 
EFM 


AQG/FXNJG 
XJM 


Cxy 
QAE 


AEXG 
ASMG 


AQS 


10. There are four kegs, all having 
small leaks. One fills a mug in 7 hours; 
another the fills same mug in 3 hours; 
another in 4+ hours; and the remaining 
keg fills the mug in % hour. If the 
liquid being lost from each keg is all 
funneled into the same mug, how long 
will it take to fill the mug? 

11. Find a perfect square which re- 


mains a perfect square when increased 
or decreased by 5. 
12. Deduce all logical consequences 
of the following *hree propositions: 
(a) No unreasonable man is simple. 
(b) Some men do more work than 
they do study. 
(c) Every man who does more work 
than he does study is an un- 
reasonable man. 


13. There are now four children of 
unequal ages in a certain family and 
the sum of their ages is 28. Four years 
ago the sum of the ages of the children 
in the family was 13, and seven years 
ago the sum of the ages was five. If the 
oldest child was a year older than the 
next to the oldest, then what is the age 
of the oldest child ? 
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many doors will be 
opened to you... 
which will you enter 
when you become an 


OPPORTUNITY KNOCKS for engineering careers 


at this magnificent new jet aircraft equipment plant 


Make the right choice when you begin to invest your hard-won skill and 
knowledge in engineering. Hamilton Standard offers a plant where initiative 


and responsibility are encouraged ... where young men are in top manage- 
ment posts ... an engineering staff which has been continuously expanding 
for 35 years ...a plant which has been judged one of the top 10 in the 
nation. You don’t just fill a position at H-S ... you commence a career! Some 


of Hamilton’s present projects include jet fuel controls, jet turbine starters, 
hydraulic pumps, air cycle and vapor refrigeration systems, contro!s and 
accessories for nuclear engines, propellers for turbine and piston engines. 


GRADUATE PROGRAM ... while at Hamilton Standard you will be encouraged 
to take advantage of the company’s liberal tuition assistance plan and to 
pursue postgraduate studies at nearby Hartford Graduate Center of 
Rensselaer Polytechnic Institute. 


<= «Send for “YOU AND YOUR FUTURE” 


. . a colorful brochure picturing and describing all of the activi- 
ties and opportunities at H-S .. . plus information on the 
graduate engineering program. Write Mr. T. K. Bye, 103 ; 
Bradley Field Road, Windsor Locks, Connecticut. 


HAMILTON STANDARD 


HAMILTON STANDARD A DIVISION OF UNITED AIRCRAFT CORPORATION 
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Build your future 


on these 


3 Growth Industries... 


HERE IS much talk today about growth companies. Allis- 
Chalmers is one of them, supplying machinery for three 
basic industries—manufacturing, construction and power. 
Therein lies an opportunity for you, since Allis-Chalmers 
builds many types of equipment. 


. . . for a manufacturing industry that must increase output $3.5 
billions by this time next year. 


. . . for the construction industry that is destined to spend many 
billions of dollars on highways in the next ten years. 


. . . for the electric power industry that will double its capacity 
by 1956. 


Here’s what Allis-Chalmers offers to Young Engineers: 


A graduate training course that has been a model for industry 
since 1904. You have access to many fields of engineering: 
Electric power, hydraulics, atomic energy, ore processing. 


There are many kinds of work to try: Design engineering, 
application, research, manufacturing, sales. Over 90 training 
stations are available with expert guidance when you want it. 
Your future is as big as your ability can make it. 

Or, if you have decided your field of interest and are well 
qualified, opportunities exist for direct assignments on our 
engineering staff. 


In any case—learn more about Allis-Chalmers. Ask the A-C 
manager in your territory, or write direct to Allis-Chalmers, 


Graduate Training Section, Milwaukee 1, Wisconsin, 


MANUFACTURING — There are 51 Allis 
Chalmers motors in this lineup of machine tools 
designed for high automobile production. 


se a 


CONSTRUCTION —Crushers like these from 
Allis-Chalmers process the enormous quantities of 
aggregate for the booming construction industry. 


POWER GENERATION—Allis-Chalmers fs 
helping meet growing power demand with equips 
ment such as this 150,000 kva transformer. 


A-4684 all over the World 


APRIL, 1956 
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Tommy, what is steam?” 
Tommy: ‘Water gone dizzy with 
heat.” 

ow Wearest, 
wrinkled.” 

She: “Oh, you brute! I haven’t any 
stockings on.” 


your stockings are 


A young woman tourist was spending 
the night in a Texas hotel. She was 
asking the clerk for sights to see of un- 
usual interest, 

“Well,” said the clerk, “we have the 
only helium plant in the world.” 

“How 


now?” 


wonderful. Is it in bloom 


“Beg your pardon, but aren’t you an 
engineering student?” 

“No, it’s just that I couldn’t find my 
suspenders this morning, my razor blades 
were gone, and a bus ran over my hat.” 


x  * * 


Two farmers at a county fair were 
fascinated by a booth where little cellu- 
loid balls bobbed on top of water jets. 
Customers were of fered substantial 
prizes if they succeeded in shooting any 
one of the balls off its perch. One of 
the farmers spent six quarters in a vain 
attempt to pick off one ball. Finally his 
friend pushed him aside and picked up 
the rifle. 

“Watch how I do it,” he said. 

He took a single shot. All six balls 
disappeared. 

As they walked away from the booth 
laden with prizes, the unsuccessful one 
marveled. 

“How did you ever do it?” he asked. 

“Tt just took knowing how,” ex- 
plained the winner. “I shot the man 
who was working the pump.” 
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TECHNOCRACKS 


Teacher: ‘ 


“Have you seen Lucille’s new evening 
gown ?” 


“No, what does it look like?” 


“Well, in most places it looks quite 
a lot like Lucille. 
x ¥ e 


A Texas tycoon rushed into the atr- 
port terminal and said, “Gimme a tic- 
Ret. 

“Where to, sir?” asked the agent. 

“Anywhere, son!” boomed the Texan. 
“T’ve got business all over.” 

Foreman: “How come you carry only 
one plank and all the other men carry 
two?” 

Worker: “I guess they’re just too lazy 
to make two trips the way I do.” 


Professor : 
into atoms, 
trons, 
ther?” 

Student: “Well, Professor, you might 
try mailing them to someone in a pack- 
age marked ‘Fragile’.” 

A bsent-minded Prof.: “Madam, 
are you doing in my bed?” 

She: “I like your bed, and I like your 
house and I like your neighborhood. 
Furthermore, I'm your wife.” 


“Tf molecules can be split 
and atoms broken into elec- 
can electrons be split any fur- 


what 


eat et ae 
A small boy was seated on the curb 
with a pint of whisky in his hand, read- 
ing Esquire and smoking a big cigar. An 
old lady passed and asked, ‘Little boy, 
why aren’t you in school ?” 


The infant replied, “Dammit, lady, 
I ain’t but four. 
Realtor’s slogan: Get a lot while 


you re young. 


“Did you hear about the wreck?” 
“No.” 
“Yeah, four professors and a student 
were killed.” 
“Poor fellow. 
ee ae 
There is only one engineer who ever 
got rich. He recently died in Colorado 
and left a fortune of $50,000 which he 
amassed through unceasing toil, super- 
human perseverance, remarkable in- 
genuity, and the death of an uncle who 
left him $49,000. 
* * * 
“He fell downstairs with two pints 
of whisky.” 
“Did he spill it?” 
“No, he kept his mouth shut.” 


First Hen: “That big rooster has 
been making love to me.” 

Second Hen: “Did you give him any 
encouragement?” 

First Hen: “Just egged him on a bit.” 


* 


A castaway on a desert island, follow- 
ing another shipwreck, pulled ashore a 
girl clinging to a barrel. 

“How long have you been here?” 
asked the girl. 

“Thirteen years,” 
away. 

“All alone—then you're going to have 
something you haven't had for thirteen 
years,’ said the girl. 

“You don't mean 
there’s beer in that barrel!” 


replied the cast- 


4 


to tell me_ that 
said he. 

A credit collection letter states: 
“We've done more for you than your 
own mother did—we’ve carried you for 
twelve months.” 


While out of town, a stingy husband 
sent his wife a check for a million kisses. 
The little woman, quite provoked, sent 
a postal card which read: 

“Dear Jim, thanks for the lovely 
check you sent. The milkman cashed it 
for me this morning.” 


Why do men have hair on_ their 
chests? Well, they can’t have everything. 


E.E.: “If I tried to kiss you would 
you call for help?” 

Co-ed: “Would you need help?” 

An egotist is a man who thinks that 
if he hadn’t been born, people would 
have wanted to know why not. 


* eo a 
M.E.: “Is the boss in?” 
Office Girl: “I’m sorry, he isn’t.” 


M.E.: “Will he back after a little?” 
Office Girl: “No, I think that’s what 


he went out after.” 
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